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BRAIN. 


PART I., 1900. 


Original Articles and Clinical Cases. 


ON THE EXCITABILITY OF NERVOUS MATTER, 
WITH ESPECIAL REFERENCE TO THE 
RETINA. 


BY AUGUSTUS D. WALLER, M.D., F.R.S. 


I wave not failed to pass through the preparatory 
searchings of mind incidental to the delivery of a presi- 
dential address, nor to sacrifice to custom by the deliberate 
writing of a bulky manuscript heavily charged with mid- 
night reflections. But one outcome of those reflections 
has been an intimate conviction that such deliberate 
writing is fitted only for the deliberate reading of the 
fireside, and that it would be impossible for me, within 
reasonable limits of time, to make my meaning fully 
clear, by reason of the detail in which it has become 
envelgped. I have therefore thought preferable to cut 
myself adrift from the manifold detail of written thought, 
and endeavour, however lamely and ungrammatically, to 
at least indicate to you what are the chief new fagts that 
I am selecting to lay before you, and what is the vein of 
sense which to my mind renders them of neurological 
value. 


! Presidential Address to the Neurological Society, February 8, 1900. 
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2 ORIGINAL ARTICLES AND CLINICAL CASES 


My contribution to our common theme is coloured from 
the laboratory—which, however, will not be accounted to 
me for unrighteousness in a Society whose distinguishing 
characteristic it is that it forms a meeting place of comple- 
mentary interests—from the domain of the laboratory as 
well as from the hospital—the two chief colours, so to 
speak, that together make for the neurologist the white 
light of his knowledge. Nor—to continue the analogy— 
shall I be unmindful of a third colour by which the triangle 
of interests is completed in our Society, and I shall try to 
indicate in the course of my address points of contact with 
psychological doctrine, of some of the dry facts that belong 
in first place to physiological analysis. 


Let me briefly summarise the subject-matter that I hope 
to review this evening. I divide it into three chapters, and 
shall hope under each of these three heads to clearly 
develop and fix at least one idea of elementary neurological 
interest. f 

In Chapter I. I shall briefly refer to a method of 
procedure, and insist upon the principle that systematic 
observation of the electrical signs of life yields valuable 
information. 

In Chapter IT. [ shall consider at some length the 
constructive and disruptive phenomena of which nervous 
matter is the seat. I shall do this with particular re- 
ference to electrical changes produced in the retina by 
light. I shall briefly describe those changes, and derive 
from them the conclusion that light excites in the retina 
a double process of simultaneous decomposition and recom- 
position; and in conclusion to this chapter I shall take 
occasion to describe the specific action of protoveratrine 
upon medullated nerve, viz., an abolition of the positive 
reaction after action. Incidentally to this matter I shall 
also refer to the great exhaustibility of non-medullated nerve, 
and to the slight exhaustibility of the retina as compared 
with the apparent inexhaustibility of medullated nerve- 
fibres, 
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Chapter III. will consist' in the consideration of what 
1 term: the “law of response,” in so far as it can be as- 
certained by study of the quantitative relations between 
physical exciting cause and physiological excited effect. 

` My special conclusion qua ‚the retina will-be:—that the 
cause-effect curve is an S-shaped or sigmoid curve. My 
general argument will be :—that a sigmoid curve, expresses 
the ratio between physical stimulus and physiological 
effect, as well as between physical stimulus and psychological 
effect. 


I.—Tue ELECTRICAL SIGN oF LIFE. 


Living nervous matter—all living matter indeed—is 
“excitable” and responds to its “ call-from-without”. by 
some form of movement-—chemical movement, mechanical 
movement, electrical movement. An animal gives sign 
of life by moving. ' An isolated muscle gives sign of life 
by contracting when stimulated, and we are able by more 
or less refined methods to show that such contraction is 
accompanied by physico-chemical changes—production of 
acid, evolution of carbon dioxide, rise of temperature, electro- 
motive action. An ordinary nerve, normally connected with | 
its terminal organs, gives sign of life by means, of muscle, 
which by direct or reflex path is set in motion when the 
nerve-trunk is stimulated. But such nerve separated from 
its natural termini, isolated from the rest of the organism, 
gives no sign of life when excited, either in the shape 
of chemical or of thermic changes, and it is only by means 
of an «electrical change that we. can ascertain whether or 
no it is alive. The eye—the retina—is known to us.as a 
living organ in our own persons when we see an external 
object. By ‚various devices of the laboratory we measure 
quantities of stimulait light and differences of excited 
sensation. The isolated organ—an entire eyeball, or its 
isolated retina—is best known to be alive or not by means 
of its electrical response or silence when it is put to the 
question by its natural stimulus light. 


‘ 
‘ 
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In the three cases named the most general and nent 
delicate sign ‘of life is then the electrical response, and I 
: shall hope to show, that the. electrical signs of life studied 


r ` 





Fies. 1 anp 2, 


Simultaneous record of a series of muscular contractions and of the corre- 
sponding electrical responses. ` 

The muscle (frog’s gastrocnemius) connected to an isometric myograph 
(record A), and led off to a galvanograph (record B), is excited by tetanisation 
of the sciatic nerve at one minute intervals, Hach petiod of tetanisation lasts 
six seconds.” » i : ` 


' 
ce . 


and measured in ‘the laboratory upon ‘these three organs 
afford very definite contribution to fundamental, principles 
of neurology., l 
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I do not now propose to dwell upon either nerve or 
muscle. Let me, however—towards establishing in your 
judgment the general credit of the electrical sign of lite— 
make very brief allusion to experiments upon these two 
tissues. 

To muscle I shall appeal solely to make good the pre- 
liminary position. Compare, e.g., these two simultaneous 
records—(a) of muscular contractions, (b) of the electrical 
responses belonging to the contractions. The electrical 
effects are to all intents and purposes a replica of the con- 
tractions ; and if you admit contraction to be valid physio- 
logical testimony, you must admit the electrical response 
to be at least equally valid. The parallelism—as regards 
fatigue of the end-plate in this case—between the two kinds 
of record is close, not indeed quite perfect; but of the two 
versions I should say that the galvanometer gives a rather 
more faithful report than does the myograph as regards 
the quantity of chemical change underlying the visible 
mechanical change. 

In the case of nerve, which has no mechanical expres- 
sion of itself otherwise than by means of muscle, we may, 
and indeed must, rely upon the galvanometer alone for 
information as to its physiological state. And nerve—the 
most hopeless tissue to investigate by way of the indications 
of muscle, hopeless because nerve is so tough and its termi- 
nals are so tender—is an almost ideal sample of living matter 
upon which to test the comparative effects of all manner of 
reagents, when the galvanometer is made to be its organ of 
expression. For we have in our hands a living tissue, abso- 
lutely isolated from all other tissues, responding with un- 
failing ‘regularity so long as nothing more is done to it, and 
therefore informing us whether or no any given experimental 
modification affects it. I will content myself by exhibiting 
to you two typical nerve-records illustrating what I have 
already on previous occasions at the Society claimed as the 
distinctive excellence of the method, viz., the clearness of 
its results. Figs. 3 and 4 are the records of two experiments 
in which the effects of two gases are tested upon an isolated 
nerve, their incidence being signalled by the vertical dark 


Y. 
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bar. There is no doubtfül or obscure result. The gas = 
had no action. The gas B Pag an evident action. 


4 





Figs. 3 AND 4. 


Two records of series of electrical responses of nerve, upon which effects 
of gases are tested. Excitation by tetanisation for 7-5 secs. at one minute 
intervals. The time during which the nerve is submitted to the influence of 
the gas is signalled by a vertical dark bar across the record. Gas A is an 
indifferent gas, Gas B is an anesthetic gas, 

N.B.—The scale in these and other records gives the approximate voltage 
of deflections. 

. 2 
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II.—CoNSTRUCTIVE AND DISRUPTIVE MOVEMENT. 


Let us take as a point of departure “the axiom of general 
physiology,” to which we all subscribe. 

Living nervous matter—all living matter—is the seat 
of two opposite tendencies, integrative and disintegrative, 
synthetic and analytic, centripetal and centrifugal, construc- 
tive and distuptive, anabolic and katabolic, positive and 
negative. Each act of life is act of death. A muscle by 
the act of contraction, a nerve-cell by the act of explosion, 
manifests energy, expends stored matter, undergoes fatigue, 
and requires to be replenished by the converse act of nutri- 
tion. Living tissue, inasmuch as it is living, is also dying 
tissue, ceaselessly evolving energy, ceaselessly “ re-storing ” 
energy. 





Fia. 5. 


To show direction of currents in muscle, nerve, and eyeball. Arrows at 
top of figure indicate direction of normal current (“current of injury”). 
Arrows below indicate direction of electrical response to excitation (‘ current 
of action”). 


The double chemical current of which living matter is 
the centre, manifests itself by actual chemical and structural 
consequences when it has been sufficiently intense or suffi- 
ciently prolonged. Its weakest and briefest pulsations are 
manifested by electrical changes. 

Taking as our line of departure, or zero level, the low- 
grade continuous chemical change normal in the unexcited 
state of living tissue—iuuscle, for example—we have a 
greater electro-motive action with greater activity of muscle, 
a lesser electro-motive action with lesser activity. There is, 


y. 
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no difference of chemical and electrical state between any 
two points of an ideally normal uniform muscle—all points 
are equally alive. If one of the two points be positively 
active, it will be positively electro-motive. If one of the 
points be negatively active, it will be negatively electro- 
motive. 

Living muscle—or living nervous riatter—or,e indeed, 
any living matter—is excitable, and the most delicate 
physical sign of that excitability is eléctromobility, viz., 
the capacity of manifesting an electrical change in response 
to excitation. Such electrical change in response to excita- 
tion may be positive or negative, positive with -augmented 
disintegration, negative with augmented reintegration. 

A muscle, a nerve, an eyeball connected with a galvano- 
meter, as shown in these three sketches, manifests current 
which we may designate as. being upwards (in the tissue) 
or to the right (through the galvanometer), or positive. 

This upward current is due in each case to electro- 
motive action at the point of injury, and gradually sub- 


. sides—most rapidly in the case of the eyeball, which is apt 


to exhibit soon after excision a reversed or downward current. 

During excitation the upward current undergoes a 
diminution in the case of muscle or of nerve, an augmen- 
tation in the case of the eyeball. 

I. shall not dwell on the first two cases, they are only 
presented as affording standards of comparison with the 
third case, that of the eyeball. 

There are two obvious points in the comparison :— 

(1) Fatigue, as evidenced by the diminishing maximal 
effects of a series of maximal excitations, most obvious in 
the case of muscle, not obvious at all in the case of nerve, 
is only moderately well marked in the case of the eyeball. 

(2) The effects of excitation are negative ‘in the case of 
muscle and nerve, positive in the case of the eyeball. 

Both these points require some cofmment. 

(1) The conditions of observation in the three cases are 
not strictly identical. In the first two cases the excitation 
has been electrical, in the third it has been a stimplation by 
light. I have not yet succeeded in obtaining for comparison 


» ° 
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Fras, 6, 7, AND 8. 


Currents of action of nerve, of muscle, and of retina, 

In each case the excitation lasts for one minute, and the subsequent period 
of rest for two minutes. There are five periods of excitation in each series. 
The nerve is excited by tetanising shocks; the muscle is excited by tetanising 
shocks of its nerve; the retina is excited by exposure to candle-light. 

The nerve record exhibits a series of undiminishing negative variations, 

The muscle record exhibits a diminishing series of negative variations, 

The eye record exhibits a slightly diminishing sgtes of positive variations, 

e 
2. e 
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a series of retinal responses by electrical excitation. It 
seems to me, however, that the comparis® now made is a 
. permissible one, the retina having, preseyed to us, a series 
of maximal effects by maximal sti@ulatpn by light.. Such 
being the case, we may comment up n the remarkable 
endurance of the response, and exprés the opinion that 
such endurance is due not to insiglicani chemigal dis- 
integration during activity, but to colsiderable and effective 
chemical reintegration during vepogp and, it may be, during 
activity itself. Iam of the opinio , on grounds that I hope 
shortly to make clear. that reintégration of retinal matter | 
sensitive to light, goes on during its disintegration by light, 
as well as during darkness— hat during activity retinal 
exhaustion is prevented by Re invigoration. I shall 
, return to this point presently 
(2) The fact that the retjhal response is positive, whereas 
‘the responses of muscle,aAd of nerve are negative (to the 
original upward current of rest of fig. 5), has not quite the 
‘simple significance that/might at first sight be attributed 
to it. The actual direction of current of rest in the eyeball 
. is unessential to the direction of the current of illumina- 
tion; the former, may be positive or negative, whereas the 
latter, which is the essentially interesting effect, is in general 
positive. It is advisable for any clear understanding to 
consider the lattér without any reference to the en and 
‘to realise its direction through the layers of the retina. TE 
` we consider an eyeball in its natural position; with cornea 
facing the sky and optic nerve stump to the ground, the 
direction of our current is upwards from the choroidal or 
pigment layer of the retina to its vitreous or nerve-fibre 
layer, and to be represented by an arrow pointing upwards 
from fundus to cornea—as we fancy we look at things— 
_ and. thereafter through the galvanometer completing circuit 
from cornea to fundus. . I usually take as my working 
mnemonic in the laboratory that the retinal. response of 
an eye looking at the galvanometer “looks through” the - 
latter. Where shall we look for the motive force driving 
our imaginary arrow? JI think at the rod and cone layer of 


1 Note 8, p. 35. ` 


i 
t 


ON TH EN, TABILITY OP NERVOUS MATTER 11 


the retina, whee: th atone’ ‘you may picture as placed the 
tail of the arro\, the\yart to which the tense bowstring of 
photo-excitable shift is applied and liberated by the stimulus 
of light. . But letme rtpeat that we are to conceive that 
two simultaneous | ad oppas te movements are promoted in 
the retina, by ligk—the en process by which 


potential energy is’tored, the running-dowil~ process by. 
which active energy iSliberated\ 


I alluded to the ae oy on w wich this view is s based ; let ~ 


‘me now briefly expose th se ground 

The positive electrica effect of \retinal illumination is 
assuredly not a single sim} phenomnon, but a compound 
effect—the resultant of ne ae ee forces. 
Being antagonistic, such fores must bè conceived as two 
in number, or at least in twé opposite camps if the com- 
ponents ultimately discovered hould prove Yo be more than 

two. But however numerous such components might 

prove to be, they could not take. effect otherkise than ın 
one or other of two directions, which we shall therefore 
-distinguish as positive and negative, ` 

The signs by which we may recagnise that the positive 
electrical “effect of retinal illumination is doubhk, are 
apparent at the commencement and. at the end of‘ pro- 
longed illumination—at “ make” and at, “ break ” of light. 

The main or principal effect during illumination. ‘is 
positive, and this positive effect gradually subsides during 


obscurity. Usually the initial effect at the ‘commencement ' 


of illumination, ie., at make’ of light, ‘is positive, but 
occasionally it is-distinetly negative, and sometimes it is 
doubtful to an observer whether the very first motion of 
the-galvanometer spot is negative or positive; sometimes 
again it is distinctly positive, then negative, before passing 
into the enduring positive position it takes up during 


‘ “illumination. 


At the end of illtimination the subsidence of the positive 
‘deflection is always preceded by a more or less well-marked 
‚sharp positive augmentation, ùe., at break of light there 
is a sharp augmentation of the positive deflection during 
: light, followed by gradual subsidence to the obscurity level. 


Q >» 
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‚D cones. I therefore hesitaée to’ o 
s the facts, and shall content myse with the demonstration 
- of the presence of two simultgfeous and opposite effects, 
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One’s first thought in presence of [this . somewhat 


illumination may be a sign of. pignent /ctivity, while the 


terminal positive effect at break of lift may be due to 
a movement of the cones. -But on ths View it-is difficult 
to account for the fact that the tpminal effect, if due 


- puzzling break effect, is that the maiz ies effect during 


to’ relaxation, of cones, has aot. alytys its. distinct sinitial - 


‘counterpart at make of ligkt by regon of & contraction of 
af this in explanation of 





Fra. 9. 


` Eyeball of the second. stage with a ‘period of hesitation ” lasting five 
seconds. ' 


Sidi Seg ae .. © 


without committing myself to an -assertion that such 


opposite effects have their seat in ‘the same: or in différent 


retinal elements. 
"The lost time of these make ‘and break’ effects, ‘ more 
especially of the former, t.e., the time elapsing between the 


‘commencement of illumination and the commencement of 
deflection, is highly significant, of the’ double nature of the `, 
‚chemical change of which the. electrical change , is the 


Outward and visible sign. 


~ As, regards the. make, effect in parkigalar, or rather the ` 


cre .. 


` 
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practically simultaneous mak’ break effect of a flash light, 
the interval between stimulus and deflection is physio- 
logically enormous, obvious to simple observation as quite 
a long pause, and not requiring therefore a very rapidly 
travelling plate for its photographic registration. 

We evidently have to do, not with a simple period of 
-latencys— s—sučh physiological inertia in the case of the retina 
‘is simply meredible—but with what I shall characterise as 

a period of hesitation, during which a tug-of-war, so to say, 





Fic. 10. | v x3 
An old record of ie retinal response to light ‘(June 4, 1895; Candie’ at 


2 feet = 25 units), which; although not of the usual type, I then: "regarded as" 


being normal. In a sense it is so, but only for an eyeball i in tho second - natago, 
as described in the text, 


5 ae 


is taking place in the retina between two opposite forces’ - 
or processes, positive and negative, that for a ‘period foe 
counterbalance each other in the circuit. i Re 
A similar if less pronounced opposition. of ‘forces occurs,’ 
atthe end of illumination, when the two forces cease to’ 
‘tact. But whereas we must suppose ‚that at’ make ‘of light, 
-both forces commence to be evolved -at almost equal rates, | 
© arid that during light the positive force is the stronger, we 
must admit that at break of light, negative ceases, more 
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suddenly than positive, so that a short positive plus pre- 
cedes the more gradual positive minus. And if from any 
cause there should have been during the period of hesitation 
at make of light a sufficiently marked superiority of nega- 
tive over positive, then we shall witness at make of light 
a distinct negative effect preliminary to the main positive 
effect—as shown in fig. 10. . 

The record, which was taken in 3 uly, 1895, was obtained 
on an eyeball in the second or transitional state, and Pro- 
fessor Kühne, when I showed it to him, recognised, at once 
that it was the response of a partially-injured eyeball. 
The hint was not lost upon me. On returning to the sub- 
ject last year I paid particular attention to the transitional 
types that are observed. And since I have mentioned 
Kühne’s uame in this connection to acknowledge a valuable 
hint, I should like to take the opportunity of showing you 
how closely some of my photographic records of 1899 repro- 
duce the plotted curves of Kühne and Steiner of 1881. I 
have confronted in the two halves of fig. 11 Kühne and 
Steiner’s fig. 1, which they give as representing the usual 
course of events in the isolated retina, and one of my own 
records of a response of an eyeball in the second stage. 
The similarity is sufficieńtly obvious. 

That this is a reasonably probable view to take of the 
case is confirmed by the alterations of effect taking place 
in an eyeball accidentally mishandled, or left to become. 
partially dry upon the leading off electrodes. From the 
freshly-prepared state, with an eyeball at its best, to the 
moribund state with an eyeball at its worst, I distinguish 
three stages. 

In Stage I. the deflection at make of light is at once 
positive, the deflection during illumination is positive and 
increasing or stable; the deflection at break of light is 
positive and small, followed by gradual decrease of the main 
positive deflection to the normal obscurity level. 

With lapse of time the main positive effect is less 
and less sustained during illumination, and the‘ terminal 
deflection at break is relatively large. The deflection at. 
make of light becomes “ hesitant,” being sometimes frankly 


e 2? 
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Fre. 11. 


Comparison between Fig. 1 of Kiihne and Steiner’s second paper on 
retinal currents (1881) ania ‚record of retinal response of the second stage, as 
described in.the text. 


Q$’ > 
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Fias. 12, 18, AND 14, ” 


Electrical responses to illumination of the retina in the three stages 
described in the text. 


(I.) Fresh eyeball. Considerable and augmenting positive effect. Small 
` terminal positive increment. 
(IL) Eyeball about six hours after excision. Initial positive effect fol- 
lowed by prolonged negative effect. Large terminal positive deflection. 


(OL) Eyeball about twenty-four hours after excision. Clear negative 
effect during illumination, 


In each case stimulation is made by exposure lasting one minute, to a 
standard candle 2 feet from the eyeball. 


(Fig. 8 is the continuation of Fig. 12, recorded from the same eyeball on. 
2 more slowly travelling plate.) 


« %¢ 
. 7 . 


ON THE EXCITABILITY OF NERVOUS MATTER 17 


negative, sometimes positive with negative interruption, 
sometimes positive after a long period of hesitation. 

In Stage II. the main positive .deflection has disap- 
peared, the state during illumination being neutral or 
actually negative. At make of light the deflection is 
positive, and markedly “ hesitant.” The terminal deflec- 
tion at break of light is positive and large, being, in fact, 
the most prominent feature of the sequence. 

In Stage III. the deflection is negative throughout 
kiaina at make the deflection is frankly negative, 
during light it is decreasingly negative; at break the 
deflection is positive, and the spot returns to its normal 
level of obscurity. i 

An even cursory review of these three stages, taken in 
conjunction with the peculiar period of hesitation at make 
cf light, must reinforce the view that we are in presence 
of a double process, and that the dominantly positive effect 
of Stage I. has latent in it the opposite negative effect that 
is wholly unmasked in Stage III. ` 

I have sought in many ways to separately influence the 
positive and negative effects—by drugs, by strong electrical 
currents, by raised temperature, by increased eyeball tension 
—acting on the supposition that by partial injury I might 
be able to, so to speak, wipe out the presumably more 
delicate process of constitution, and thus unmask the more 
enduring process of destitution. I find that the best and - 
almost unfailing means of doing this is to partially injure 
the retina by compression of the eyeball. For an effective. 
lecture demonstration, a fresh eyeball, giving the regular 
positive effect on illumination, may be taken off the elec- 
trodes, moderately compressed and rolled between the 
fingers, and replaced upon the electrodes; the effect of 
illumination on this massaged eyeball will almost certainly 
be negative. 


Colour antagonism 2 


One may hardly be expected to make .even' the most 
cursory survey of positive and negative retinal changes 
without allusion to the Comper SENG: effects of the several 

VOL, XXIII. 2 
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colours that make up white light-—with reference of course 
to the well-known antagonism theory of Hering, white v. 
black, red v. green, yellow v. blue, which has played such a 
prominent part in the literature of colour-vision. We have 
‚seen that there is a very clear antithesis as regards the 
retinal effects of light and darkness, so that we might 
perhaps say that white and black are antagonists, and that 
white provokes an action while black promotes an opposed 
reaction. Can any similar antithesis be recognised between 
the two “ dissimilative” colours red and yellow and the 
two “ assimilative ” colours green and blue, which, on the - 
antagonism theory, are regarded as promoting opposite 
chemical changes in the retina? 

On trial of this point we find in all cases that different 
colours give rise to electrical effects in one direction, though’ 
of varying magnitude. The order of efficacy in my own 
trials, made with carefully selected coloured glasses, has 
been :—red, blue, green, yellow, white, t.e., in a sense that is 
obviously governed by luminosity. To quote an instance, 
the deflections were 


With Red we ae we Fr oe + 4 
Blue .. pè wis as at ar + 9 
Green .. af zs A s3 +12 
Yellow si ae z we sr + 16 
White.. Ji = oe = BR + 38 


Stimulation at 25 units. Illumination for 6 seconds at 1 minute intervals. 


But we at once object that a possible opposition between 
` the purely chromatic constituents has, perhaps, been masked 
by the white-valency common to all the colours, or by white 
light passing through the imperfect colour filters. 

We therefore make two further series of trials (1) to 
learn whether the joint effect of two opposed colours is 
greater or smaller than their separate effects; and (2) to, 
learn whether the separate effects of any two opposed 
colours are equally or unequally altered when the retina 
has been submitted to prolonged modification by one of the 
two colours. 

I find (1) that taking two very weak colour stimuli, e.g., 
red and green, the conjoint effect of both stimuli is always 


. *%@ 
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greater than either of the separate effects, and not far short 
of their sum ; (2) that a retina subsequent e.g., to prolonged 
green stimulation or to prolonged red stimulation, exhibits 
equal fatigue to green and to red stimuli. 

Here are two representative experiments— 


IL 
* Red alone +5 
Green alone .. sing er iz ae + 10 
Red + Green .. ee a + 14 
White .. oo. as, | ee . + 40 
Stimulation at 4 unit. 
I. 

Red + 21 
Green .. Se AR + 28 
Ten minutes’ exposure to Green. 

Red ii +16 
Green .. a PR ee ae + 24 
Ten minutes’ exposure to Green. 

Green .. er ea + 22 
-Red .. ais aks aia 3 + 15 
Ten minutes’ exposure to Red, 

Green .. EX: Er a i .. + 20 
Red .. a ae ae as + 12 
Ten minutes’ exposure to Red. 

Red .. = a wee Re is + 8 
Green .. Er ‘i as + 18 


Stimulation at 100 units. Lasting 10 seconds. 


But for my own part, I must confess that I do not 
attach much value to these colour experiments. They are 
made upon the frog’s retina; we have no reason to think 
that the frog is at all a judge of colour; the results show 
at most that the hypothetical chemical antagonism of 
colours is certainly not any deep-seated physiological anti- 
thesis pertaining to all retinal matter “ excitable” by light. 
The psychologist remains as free as ever to believe or not 
to believe that the perception of colour by the human brain 
is three dimensional, and depends upon disintegration-cum- 
reintegration of ‘a white-black substance, and of a red-green 
substance, and of a yellow-blue substance. But this to my 
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mind is a psychological chemistry, and I do not wish to 
wander too far afield from a physiological base. 

Let me bring this chapter to a close by referring briefly 
to the positive and negative electrical effects that are mani- 
fested by ordinary nerve. The three stages just described 
as regards retinal effects, and the very probable double 
character of such effects, recall to mind the somewhat 
similar series of effects in freshly isolated dying nerve. 
Only whereas the three stages that I described in the case 
of nerve refer to electrical effects of electrical excitation, 
the retinal- series refer to electrical effects of luminous 


, stimulation. 


‚The electrical response of isolated nerve tetanised by 
alternating currents is with lapse of time:—(1) a simple 
negative effect; (2) a negative effect immediately followed 
` by a positive after effect; (8) a positive effect. Nerve in 
the second stage seems to be most clearly suggestive of 
the operation behind the scene of two opposite processes of 
action and reaction, of which the prominent manifestations 
in this case are successive. It would appear, moreover, that 
there is some kind of analogy between the early positive and’ 
late negative effects in retina on the one hand, and the early 
negative and late positive effects in nerve on the other hand, 
but I should be very unwilling to speculate very far along 
. this superficial and obvious analogy. We may, however, 
consent to speculate in moderation, and admit that just as in 
the retina there is’a store of matter that is formed, and 
that is consumed under the excitation by light, so in nerve 
there is analogous stored matter formed by activity and 
. subserving activity. 


. 


Significance of the Medullary Sheath. Fatigue of 
Non-Medullated Nerve. 


Naked gray matter, as of a nerve centre, is very rapidly 
exhausted, and has to be replenished at leisure from the 
nutritive fluids. Protected gray matter, as the conductile 
axis of medullated nerve-fibre, is extraordinarily inexhaus- 
tible because its wear and tear of action is instantly effaced 
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by the restorative reaction of its white envelope; just. as 
the highly mobile elements of the retinal organ, provoked 
to action and therefore to expense by light, are pari passu 
kept supplied and protected from exhaustion out of the 
store of pigment that is our visual inogen. 

It is by action and reaction between core and sheath 
that the nerve-impulse is propagated along a medullated 
nerve-fibre. It is by the same action that the impulse is 
insulated within a definite conducting fibre. And by the 
same means there is secured to the essential part—the grey 
core—an almost instantaneous restoration of expended 
matter necessary to unimpaired function rapidly repeated. 

Do we ask for evidence of a commerce of matter between 

the grey core and its white jacket of phosphorised fat? We 
have such evidence—and of the most cogent—in the first 
gross fact of Wallerian degeneration. The grey core of a 
nerve-fibre.is the arm of a nerve-cell which is its-body, and 
when the. nerve is cut the arm degenerates away from the ` 
body. The first and most obvious change of structure takes 
place, not in the core itself, which was in continuity with 
the cell body, but in the discontinuous sheath, by which 
it is enveloped and nourished. The disordered nutrition 
of the principal part—the, axis, is fitst visibly manifested by 
the superadded and subordinate part—the sheath. 
’ Jf this hypothesis be well founded, we should expect that 
non-medullated nerve, examined as to exhaustibility, would 
be found to conform to the type of exhaustible muscle rather 
than to the type of inexhaustible nerve. 

Miss Sowton, who at my request has investigated the 
point upon the olfactory nerve of the pike, has as a matter 
of fact found this to be the Gase. 


Veratrine and Protoveratrine. 


Veratrine, CHNO, and protoveratrine, C,.H,,NO,,, 
are two closely related alkaloids derived from green and 
from white hellebore respectively. The former, as is well 
known, has a specific action upon muscle, and, causes its 
contraction to be extraordinarily coer A veratrinised 
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muscle contracts vigorously but does not relax. - Pure 
_ veratrine has comparatively speaking no action upon nerve. 

Protoveratrine, which has recently been identified and 
distinguished from veratrine by Boehm, has a specific 





Muscle. Nerve (medullated). 


VOLT 
0-003 


‘0-002 


0.001 





Nerve (non-medullated). < Retina. 


Fries, 15, 16, 17 axp 18. 


Portions of records of ordinary muscle, of medullated nerve, and of non- 
medullated nerve (olfactory nerve of pike) similarly’ excited—to show that 
non-medullated nerve resembles muscle and differs from medullated nerve, as 
regards the manifestation of fatigue. 

Fig. 18 is a similar retinal series of responses to light, exhibiting little or 
no sign of fatigue (retina of the third stage). 


\ « 'o 
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VOLT’ 
0-006 


0:005- 





0006 


0.005 





Fras, 19 ann 20. 


‚To illustrate the contrast between veratrine and protoveratrine. 

In each case a frog has received an injection of one drop of a E) per 100 solution 
of the alkaloid (=about 0:0005 gramme, i.e., & very large dose). Between $ and one 
hour later the apparently dead frogs have been pithed and a sciatic nerve of each has 
been removed and placed upon the electrodes. 

In each case three electrical responses (at intervals of one minute to, tetanisation 
lasting for six seconds) have been recorded. 

The three veratrine responses are normal and undiminishing; each response exhibits 
a negative effect during excitation and a positive effect after excitation. 

The three profoveratrine responses are sustained and diminishing; each response 
exhibits a negative effect during and after excitation. 

The deflection to the left of each record is a standard deflection made by passing 
current from +55 volt through nerve and galvanometer. It serves to give the voltage 
scale of the nerve-responses, and shows to what extent the galvanometer is “ dead-beat.” 


.. 
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. action upon nerve, and comparatively speaking no action’ 
upon muscle. It causes the negative variation of excited 
nerve to be extraordinarily prolonged. The fact in itself 
is of considerable interest, inasmuch as it is at present a. 
solitary and very clear case of two drugs, closely allied 
chemically, and having each a sharply defined predilection 
for muscle or for nerve. Veratrine acts upon „muscle. 

Protoveratrine acts upon nerve. And the action of proto- 
` veratrine upon nerve is very similar to the action of’ 
veratrine upon muscle. Just as in muscle veratrine 
impedes the relaxation of a contracted state, so in nerve 
protoveratrine impedes the positive reaction that is nor- 
mally associated with, or consequent upon, excited activity. 
-Normal nerve gives during excitation a negative variation 
that signifies disintegrative change, and after excitation 
a positive return to, or it may be beyond, the normal level 
of a quiescent state, signifying reintegration. Veratrinised 
nerve acts and reacts normally. Protoveratrinised nerve 
exhibits a well-marked negative sign of action during 
excitation, but little or no positive sign of reaction after 

excitation. And in correspondence with this failure of 
positive reaction, the succession of action-effects exhibits 
rapidly progressing exhaustion. A succession of negative 
_ variations of normal (or of veratrinised) nerve, exhibits from 
first to last little or no .diminution. Successive negative 
effects on protoveratrinised nerve are permanent and 
` rapidly diminishing. Exhaustion is apparent in medullated 
nerve when its positive process of restitution is impeded. 


IIL—THE Law or REACTION. 


The simplest problem that we may set ourselves to 
resolve in the case of any excitable tissue—such as muscle, 
‘ nerve or retina—is to determine how much responsive effect 
follows upon how-much exciting cause. 

And we shall most conveniently summarise our resulta 
by plotting a curve, marking off magnitudes of cause 
(= excitation) along the X axis and magnitudes of effect 
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along the corresponding ordinates parallel with the X 


axis. ee 
‘Taking, for example, a series of stimuli of arithmetically 


' increasing magnitudes, 1, 2, 3, 4, 5, and having determined 


that the corresponding. effects come out at the magnitudes 
34, 58, 72, 82, 90, the cause-effect curve plotted out on this 
principle would be. thus: i 


Y (effect) 














Fia. 21. 


Curve exhibiting the electrical response (Y) of the retina to luminous 
stimulation (X) of arithmetically increasing magnitude (energy). The unit of 
light in this case is „A,th part of the light of a standgrä candle at a distance 
of 1 foot, 2.e., the light of a standard candle at a distance of 10 feet. 


viz., concave to the abscissa, OX, and exhibiting at a glance. 


that + 24 +14 + 10 + 8, diminishing increments of effect, 
are caused by equal increments of excitation. 

Now let us plot out the results of an actual experiment 
in which the cause was luminous stimulation, and the effect 
an electrical response of the retina. 

The X series was 1, 2, 4,6, 8 units. %* 

The Y series was 44, 60, 68, 72, 75 degrees of scale. _ 

The plotted curve is obviously concave towards the 
abscissa OX, z.e., equal increments of luminous excitation: 
cause diminishing increments of retinal change. 
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ment in which the cause was electrical stimulation and the 
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FIG. 22, 3 
Curve exhibiting the electrical response (Y) of the retina to electrical 
stimulation (X) of arithmetically increasing electrical energy (condenser 
discharges). 


Let us take as another illustrative instance an experi- 


effect a subsequent electrical response of the retina. 


Y (effect) 








X (cause) — 


100 200 300 400 500 ergs 
Fie. 23, 


The X series was 20, 80, 180, 320 and 500 ergs. 
The Y series was 4, 22, 34, 40 and 45 degrees of scale. 


J 
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As before, the cause-effect curve is concave to the abscissa. 


OX, i.e., equal increments of cause produce diminishing 


increments of effect. 

The cause-effect curve of stimulation and sensation, as 
expressed by the logarithmic law, is of a precisely similar 
type, t.e., equal increments of sensation require increasing 


incrementg of stimulation, or otherwise expressed, diminish- 


ing increments of sensation are produced by equal incre- 
ments of stimulation’ Taking, e.g., intensity of light along 
the X axis, and intensity of sensation along the Y axis, we 
require geometric increase of X to produce arithmetic 
increase of Y, or otherwise’ expressed, arithmetic increase 
of X produces logarithmic increase of Y. 

This well-known and much criticised law of sensation, 
which with reservation may be admitted to be the funda- 
mental law of psychophysics, holds good only within certain 
limits of moderate stimulation. Within the moderate range 
of ordinary daily sensation, it is obviously reasonable that 
equal increments of stimulation should effect decreasing 
increments of sensation, and that all sensation should find 
its lmit with maximal alteration of nerve-matter. Between 
objective stimulus and subjective consciousness we have 
to consider physiological change of nerve-matter, of which 
change of consciousness is the symptom. An external 
stimulus X arouses physiological change of nerve-matter Y, 
which material change or internal stimulus Y is the basis 
of the sensation Z. Firstly, external stimulus, secondly, 
physiological change, thirdly, sensation—a relation between 
first and third such that equal increments of the former 
arouse decreasing increments of the latter. Is this limita- 
tion of effect, which is so clearly pictured in the concave 
curve, a limitation of physiological change Y producible 
by stimulation X, or a limitation of psychical change Z 
producible by physiological stimulation Y? Clearly, I think, 
the former—since we find in the case of the retina, or 
indeed in any case where the physiological effects of 
excitation are experimentally accessible, that equal incre- 
ments of excitation arouse diminishing increments of 
physiological effect. 
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. Less clearly, and with less confidence, yet, I think, with | 
some degree of justification, we may assume, at least for 
the sake of clear thinking, the corollary to this conclusion, 
viz., that there is no disproportion between the physio- 
-logical change Y and the psychical sensation Z, t.e., that 
equal increments of sensation belong to equal increments 
of physiological change; or, again, that the symptom felt 
is the true arithmetic measure of the physiological state 
of nerve-matter which is its basis. 


Let us consider rather more closely the two extremes 
of minimal and maximal sensation. 

With indefinite increase of stimulation it is clear that 
we cannot have indefinite increase of physiological change, 
nor, therefore, «indefinite increase of sensation. There must 
be a maximal effect. All change in living matter is, indeed, 
self-imitative; the activity of all living matter expends 
itself, and. is arrested by the products of activity; with 
excessive stimulation the curve of sensation ceases to rise 
and then falls away from its maximum, losing itself finally 
in some other kind of sensation, or in actual anesthesia 
through mere physiological exhaustion of nerve matter. 
Does such blunting of sensation come to pass through the 
agency of waste-products of excessive activity, of which 
carbonic acid is the representative? We may imagine so, 
but we may hardly say so. 

At the lower end of the scale, down near the threshold 
of sensation, it is hardly reasonable to expect that a 
concave curve, constructed on the same formula as that, 
expressing the relation between moderate stimulation and 
moderate sensation, should express the relation between 
minimal stimulation and minimal sensation. Such- a curve, 
steepest at its commencement, t.e., with greatest incre-. 
ments of Y for given equal increments of X, would signify 
that close to the threshold absolute differences of X of: 
infinitesimal magnitude take effect upon consciousness, 
4.€., a condition of extraordinary hyperssthesia towards 
the minutest stimuli of our environment. 

We should expect to find, and in point of fact we do 
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; find by careful experiment, that the minimum perceptible 
difference, e.g., of light, is a considerably ‘higher fraction 
at low intensity than at moderate intensity, e.g., 1 in 5, 
or 1 in 10 at low intensity, as compared with 1 in 50 or 
1 in 100 at moderate intensity. We all know indeed that. 
it becomes more and more difficult to see print distinctly 
with fading light. This signifies that we are relatively 
less sensitive to differences of weak light, relatively more 
sensitive to differences of moderately strong light—in other 
words, that the early rise of the curve from the threshold 
is by increasing increments of sensation, 7.e., convex to 
the abscissa. A curve beginning thus, convex to the 
abscissa, and subsequently becoming concave to the abscissa, 
may be briefly designated as an S-shaped or sigmoid curve. 
To say that the cause-effect curve (cause measured along 
the X axis, effect along the Y axis) is a sigmoid curve, 
is to say in brief that equal increments of cause from 
minimal to maximal produce at first increasing increments 
of effect, and subsequently decreasing increments of effect. 
Fig. 24 is intended to make this point clear. 


< 

















Physiological Effect 





Physical Cause. 


Fra. 24. 


Curve exhibiting the electrical response (Y) of the retina to minour 
stimulation (X) of low arithmetically increasing intensity (energy). 
unit of light is here one quarter of the unit taken for Fig. 21, t.e., the ligni ne 
a standard candle at a distance of 20 feet. 
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I consider that a sigmoid curve as just defined gives | 

¿ graphic form, not merely to the relation between physical 
| excitation and psychical sensation, but to the general re- 
lation between physical cause and physiological response 
in the excitation of living matter, of nervous matter, and 
in particular of the retinal substance excitable by light. 

T look for, and find ıt, in the case of muscle, and in the 
‚case of nerve, and in the case of the retina, and venture to’ 
speak of it as the law of reaction. 

A comparatively rough series of trials suffice to bring 
out data that are plotted in a curve concave to OX, t.e., 
with diminishing increments of effect to equal increments 
-of cause. 5 

A more delicate series of trials, with stimuli of low 
intensity and increasing by smaller increments, is necessary 
to bring into evidence the initial convex portion which is 
comparatively short. 

Fig. 25 is a good example of it upon the retina, 
strength of light being plotted along the X axis, magni- 
` tude of electrical response along the Y axis. 














x 
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Let me try to. illustrate the great general significance 
of a sigmoid curve, such as I have urged as symbolising 
more faithfully than the wholly logarithmic curve the law 
of physiological reaction, which I take to be inclusive of ' 
the law of psychical reaction. 

The adequate performance of any human task is the 
effect of human energy—How much energy X to how much 
result Y in the asymptotic approach towards perfection ? 

In, let us say, the learning of a language, we know that 
the first steps cost much, and that the effect rises slowly ;. 
then the upward progress becomes more rapid, successive 
equal increments of energy give successive increasing in- 
crements of knowledge; finally progress slackens, the last 
steps towards perfection cost energy far in excess of those 
taken within the range of mediocrity. 

The easiest part of any task, that in which the smallest 
‘ effort seems to give greatest progress, is its middle portion ; 
the two hardest and most SI parts are its beginning 
and its end. 


NOTES AND REFERENCES. 


(1) INEXHAUSTIBILITY OF NERVE-FIBRE (p. 5). 


I have insisted upon this point upon more than one occasion 
—for the first time in 1885 and in 1886 in two successive reports 
to the Scientific Grants Committee of the British Medical Associa- 
tion (B. M. J., July, 1885, and July, 1886), for the second time 
in 1891 in a paper on the “ Sense of Effort,” communicated to 
the Neurological Society (Brain, 1891, pp. 179-433), and for the 
third time in the Croonian Lecture for 1896 (Phil. Trans. R. S., 
1897). 

Wedensky in 1883 (Cbt. f. d. Med. Wissenschaft) and Bow- 
ditch (J. of Physiology, 1885 ; Dw Bois-Reymond’s Archw., 1890), 
came to the same Sonelusion; viz., that nerve-fibre is practically 
inexhaustible, and’ expressed themselves far more unreservedly 
than I then did, or should care to do now. The negative varia- 
tion of nerve is an ultimate sign of life, and even if electrotonic 
effects are excluded, is not a safe proportional indicator of the 
capacity for function which requires not merely a living state, 
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but a living state of high excellence. A nerve that can conduct 
nerve-impulses will certainly manifest a negative variation, but it 
does not follow that a nerve that will manifest a negative varia- 
tion is capable of conducting nerve-impulses. 

I share the opinion expressed by Pfiüger to the effect that the 
negative variation is itself proof positive of a chemical change in 
active nerve, that activity if long enough and strong enough must 
cause chemical expenditure, and, therefore, fatigue.e But the 
anomaly of apparent inexhaustibility of nerve in the presence of 
undeniable chemical change, is in my view reconciled when we 
have recognised the extraordinary rapidity with which exchange 
of matter is effected between gray axis and white sheath. I 
regard the white sheath as forming a store of nutrient matter 
surrounding the gray axis—feeding it and fed by it—enabling the 
function to be performed, and itself a secondary deposit aroused 
by the function. In short, I regard medullated nerve as supply- 
ing a striking case of ‘ complementary nutrition ”—of that “ con- 
sensus partium ” between two mutually interdependent tissues 
according to which waste matter of each tissue is raw material to 
the other tissue. 


(2) Farigun or tam Enp-Puats (p. 5). 


In the illustration given in the text the effect on muscle has 
been produced by excitation of its nerve, and the decline is, there- 
fore, by progressive fatigue of the end-plate. 

This point was established in my reports to the Scientific 
Grants Committee of the British Medical Association for 1885 
and 1886 (B. M. J., July, 1885, and July, 1886), when I compared 
the state produced by fatigue and by nerve-degeneration with 
that produced by curarisation, and formulated the conclusion that 
the motor end-plate is the weak link in the neuro-museular chain, 
being the point at which the function of transmission is first 
affected with excess of action, or with disordered nutrition or with 
the onset of death, just as in curarisation. 

In voluntary action—involving changes throughout the tract 
from Rolandic cell to periphery—the chiefly fatiguable points 
are presumably the cells or points denuded of white matter, viz., 
the cerebral cell, the spinal cell, and the motor end-plate. J have 
elsewhere formulated the law that fatigue effects declare them- 
selves with diminishing gravity from centre to periphery, t.e., that 
central fatigue is limitative of peripheral fatigue. 


ON THE EXCITABILITY OF NERVOUS MATTER 33 


(3) IsoLATED NERVE AS A TEST-OBJECT (p. 5). 


The general application of the electrical method to the - 
pharmacodynamics of isolated nerve was first broached and 
described in a series of three papers communicated to the Neuro- 
logical Society in 1896, and publisbed in Bram, 1896, pp. 43, 277, 
and 569. 

The particular casé of carbon dioxide is. considered at length 
in the Ordonian Lecture for 1896 (Phil. Trans. R. S., 1897). 

Other developments of the same subject are soutained in the 
Proceedings of the Royal Society and of the ai i Society 
for the years 1895 to 1899. 

The fundamental principles of the method are given in my 
“ Lectures on Animal Electricity,” 1897. 


(4) THE Axiom OF GENERAL PHYSIOLOGY, p. 7. 


The expression is of Claude Bernard (Phenomenes de la Vie, 
1879, vol. ii.). 

“On peut distinguer deux ordres de phénoménes :— 

“ (1) Les phénomènes de fonctionnement, ou encore d’usure, 
ou de destruction vitale. 

“ (2) Les phénomènes de formation, ou de création vitale, ou 
encore de synthèse organique. ; 

“ Les deux types ne sont jamais isolés; ils sont indissoluble- 
ment connexes, et la vie de quelque étre que ce soit est characté- - 
risee précisément par leur réunion et leur enchainement; ils 
représentent les deux phases du travail vital. 

“ Cette vérité constitue, ainsi que nous l'avons dit ailleurs, 
V’awiome de la physiologie générale. On peut être assuré que 
toute doctrine qui serait directement ou indirectement en contra- 
diction avec cette donnée fondamentale est fausse, et que le prin- 
cipe de l’erreur est précisément dans cette contradiction.” 


(5) Posrrive ann NEGATIVE (pp. 8 & 9). 


It is purely matter of convenience and convention which of 
two opposed movements we may choose to designate as positive 
and which as negative. But once having made our choice, the 
convention must be adhered to throughout the course of any given 
argument. 

As regards muscle, the usual custom is to regard contraction 
as the positive act, relaxation as the negative act. 


VOL. XXIII. i 3 


34 ORIGINAL ARTICLES AND CLINICAL CASES 


As regards the chemical changes, however, we are naturally 
led to take negative change (katabolism) as the chief feature of 
contraction, and to regard positive change (anabolism) as the 
reaction during relaxation. 

As regards the electrical change, it is usual to refer to the 
poles of the external circuit, and not to the electro-motive ele- 
ments. On this understanding the pole connected with active 
tissue is negative, just as the pole connected with theezine of a 
voltaic couple is negative. In physiological literature active 
tissue is termed negative, whereas in physics the zine carrying 
the negative pole is termed electro-posjtive. 

I venture to think that the electro-motive action of active 
tissue is more vividly picturéd when referred to an electro-positive 
element as the driving force, than when it is indicated by 
- negative pole. Moreover, the latter custom introduces misleading 
expressions, such as ‘active tissue electro-negative to normal 
tissue,” “ negativity of action,” &c. 

Physiologically active tissue, in which presumably disintegra- 
tive exceeds reintegrative change, like the zine of voltaic couple, 
is electro-positive, and its external pole is negative. Physio- 
logically quiescent tissue, in which presumably reintegrative 
exceeds disintegrative change, is electro-negative, and its external 
pole is positive. 

In any case, where there is danger of ambiguity from the 
terms positive and negative, direction of current should be 
clearly indicated by words or by diagram. 


(6) Rerınau Response to Licat (p. 9). 


The variation of current of the illuminated eye was discovered 
by Holmgren in 1871 (Cbt. f. d. med. Wiss., 1871, p. 423), and 
further investigated in 1873 by Dewar and MeKendrick (Trans. 

. B.S. Edin., 1873, p. 141; Journ. of Anat. und Physiology, vii., 
p. 275, 1873), and in 1880-81 by Kühne and Steiner (Unters. a. d. 
physiol. Inst., Heidelberg, vols. iii. and iv., 1880-81). i 
‘ ‘Holmgren deseribed the retinal response to, light as being 
positive in the case of the frog, negative in the case of mammals. ' 

Dewar and McKendrick sum up their observations on the 
frog’s' eye as follows :—* The natural electro-motive force is in 
the first place increased, then diminished ; during the continu- 
ance of light it is still slowly diminished to a point where it 
remains tolerably constant; and on the removal of light there is 
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a sudden increase of the -electro-motive pe nearly up to its 
original position.” 

Kihne and Steiner in their second paper (Sehorgan, 1881) 
give an account of retinal phenomena in many respects similar to 
that which I have given in the text, of the successive changes as 
they came under my.observation. K. and §. insist particularly 
upon the permanently positive response of the normal eyeball and 
upon its alterations by injury. They consider the negative effect 
to be produced by partial detachment of the retina, and the posi- 
tive effect during illumination to be the expression of a regenera- 
tive influence of “the retinal epithelium. 

These and other points will be more fully discussed i in paper 
that I am now drawing up for communication to the Royal 
Society. 

. Quite recently (November, 1899), Beck has described the 
retinal response of the cephalopod retina as positive (Pfitiger’s 
Archiv., vol. lxxviii., p. 129, 1899). 


‚ 


(7) Latency or THE ReTINAL Response (p. 19). 


Dewar and McKendrick made the first approximate measure- 
ments of latency, and found it to be not more than 4th sec. 

S. Fuchs (Pflüger's Archiv., vol. lvi., p. 408, 1894), with the 
aid of Bernstein’s rheotome,: measured it as Beine 0: 0004 to 
` 0-006 sec. , 


(8) TETANISATION OF THE Retina (p. 8). 


I have since made the experiment alluded to in the text. ' The 
results are altogether similar to those obtained by illumination. 
Alterations of retinal excitability are manifested in a nearly 
‘parallel sense to both kinds of stimulation. During and after 
tetanisation the retinal excitability to light is increased, The 
- results of these experiments will be published shortly. | : 


(9) Harıne’s THEORY or Conour VISION (p. 18). + 


Hering first promulgated his celebrated theory in the sixth 
of a series of communications to the Vienna Aéademy of Sciences 
in the years 1872 to 1874, collected and reprinted for the second 
time in 1878 under the title Zur Lehre vom Lichisinne. 

The paraphrases of Hering’s theory current in English text- 
‘books are far less subtle and indefinite than the version of 
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Hering himself, who writes as follows in the introduction of a 
paper by Hillebrand (Wiener Sitzungsberichte, February, 1889, 
p. 73) :— 

“ The psycho- physical vision-stuff may accordingly be regarded 
as a mixture of three qualitatively different substances. Never- 
theless, I signified long ago (Zur Lehre vom Lichtsinne, § 42) that 
I gave this form to the theory only for the sake of greater dis- 
tinctness, and that I consider it to be fundamentally mote correct 
to say that the psycho-physical vision-stuff is capable of qualita- 
tively different kinds of Dissimilation and Assimilation, and that 
each of these innumerably different kinds of D. and A., assuming 
three principal kinds of D. and A., can be conceived as broken up 
into three components, each of which corresponds to one of these 
three principal kinds of D. and A. It is, no doubt, more intel- 
ligible to most people to say that each visual sensation may be 
conceived as composed of given primary or elementary sensations, 
in given proportions, than to say that each visual sensation takes; 
in the pre-arranged three-dimensional variability of visual sensa- 
tion, a given place in relation to three given sensation series; and 
it is more intelligible to regard the vision-stuff as a mixture of 
three separate substances, each of which can be altered in two’ 
qualitatively opposite senses (D. > A. and A. > D.), than to say 
that the variability of state of vision-stuff is three-dimensional.” 

Helmholtz’s theory, with which Hering’s is generally quoted as 
being in flagrant opposition, is hardly more accurately reproduced 
in English text-books. In the second edition of his “ Physiological 
Optics ” (1889, p. 349), he assumes the hypothetical existence not 
merely of three sorts of retinal elements, but of three kinds of 
photo-chemically changeable substances, and of three kinds of 
cells in the cerebral cortex. 

On a hypothesis. of antagonistic colours of so meta-chemical a 
character as Hering’s, positive results of experiments of the 
character described in the text might hardly be expected. 

Previous experiments of the kind have been published by 
Dewar and MeKendrick, who observed a different order of 
efficacy to that given in the text, viz !—red = 10, yellow = 10, 
green = 8, and blue = 4. Subsequently, however, they give the 
relative efficacy of colours as being governed by luminosity. 

R. Dubois (La Pholade Dactyle, Paris, 1892) tested the efficacy 

‘of different colours upon the mechanical response of the integu- 
ments of Pholas dactylus with the following result:—red = 3, 
yellow == 13, green = 10, blue = 8. These numbers répresent 
amplitude of reflex contraction of an integument excited by 
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spectral colours. With coloured glasses the results were :— 
red = 3, yellow — 13, green = 10, blue = 8. With the same 
set of glasses—which Professor Dubois was good enough to send 
to me—I obtain electro-motive responses of the frog’s retina as 
quoted in the text, viz.:—red == 4, yellow = 16, green = 12, 


` blue = 8. 


° 


The researches of Dubois on the integument of Pholas are of 
great interest as regards the general physiology of luminous 
excitation, but are not yet sufficiently appreciated. There is a 
close structural and functional analogy between the retina and 
the integument of Pholas. Both respond to light—the former by 
an act.of vision and by an electro-motive change, the latter by a 
reflex mechanical movement and an electro-motive change. The 
physiological histology of the sensitive surface is as follows :— 
An external layer of pigment-cells is connected with a superficial 
layer of muscular fibres that contract in response to luminous 
stimuli; this initial direct contraction mechanically stimulates 
subjacent nerve-cells, and is followed, after a short interval of 
time, by a reflex contraction of the entire longitudinal muscula- 
ture of the syphon. Histologically, the dermic element excitable 
by light is composed of (1) a pigment-cell, (2) a contractile fibre, 
and (3) a nerve-cell. Physiologically, the stimulus of light 
arouses a dermic phosphene, of the nature of a tactile pheno- 
menon, 4.é., ‘light provokes chemical change in a pigment-cell, 
which in turn provokes movement of a contractile fibre, which in 
its turn mechanically excites a nerve-cell. This series of events 
at the periphery constitutes the physiological stimulus of which a 
reflex contraction of the syphon is the final consequence, just as 
a reflex movement of self-defence or flight is the final conse- 
quence of the retinal changes aroused by retinal images higher i in 
the animal scale. 


(10) Herıng’s Posmivs Arrer-Errsct (p. 20). 


A full description was first given of the after-effect of nerve- 
excitation and of its possible -significance by Hering in 1884 
(Wiener Sitzungsberichte, 1884, p. 137). The point was further 
investigated in Hering’s laboratory by Head (Pflüger’s Archw., 
vol. xl., p. 207, 1887). 


(11) Tunez Staces or Nurve-Response (p. 20). 


The three stages into which I found it necessary to dis 
tinguish the response of isolated nerve, and the possible signifi- 
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cance of the phenomena observed in each stage, are fully discussed 
in the Croonian Lecture for 1896 GEBE Trans. R.S., 1897, pp. 23 
and 62). 


(12) RAPIDITY or NERVE-POLARISATION (p. 20). 


Hermann pointed out in 1888 (Pflüger’s Archiv., vol. xlii., p. 1, 
1888) that nerve, unlike muscle, exhibits no difference of resist- 
_ance, whether the test-current be a constant or an induced current. 
Nerve is eminently polarisable (Herman’s well-known theory 
of electrotonus rests upon this basis), but its polarisation and 
depolarisation take place with such extreme rapidity that the 
polarisation counter-current has time to develop even during the 
passage of an induction current. 

Following up this point I found that the apparent resistance 
of normal nerve is higher to the comparatively “long” induced 
. current at make than to the comparatively “short” induced 
current at break. Also that the apparent resistance of nerve to 
any current is diminished by diminution of polarisation counter- 
current, when the nerve-matter has been “immobilised” by 
chloroform (Proc. Physiol. Soc., November, 1898). 


(13) VERATRINE AND PROTOVERATRINE (p. 21). 


The action of veratrine upon muscle was first described in 1862 
by Harless (Ztschr. f. rat. Med., iv., p. 97, 1862), and further 
studied by v. Bezold and Hirt (Unters. a. d. physiol. Lab., Würz- 
burg, 1867), J. L. Prevost (Gazette médicale de Paris, 1867), Fick 
and Boehm (Arb. a. d. physiol. Lab., Würzburg, 1873), and.many 
others. 

Protoveratrine was identified and separated in 1890 by Salz- 
berger, and its properties investigated by Watts Eden in the 
Pharmacological Institute of Leipsig, under the direction of 
Professor Boehm. W. Eden observed that protoveratrine, al- 
though poisonous to muscle, does not cause the prolongation of 

- contraction characteristic of veratrine. The protoveratrine with 
which I made the experiments alluded to in the text, was kindly 
- given to me for the purpose by Professor Boehm. I. have 
described the results somewhat more fully in the jubilee volume - 
of the Société de Biologie, Paris, 1899, p. 347. 
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INTRODUCTION. 


‚MucH as we feel the need of some other name under 
which to describe the affection, seven cases of which we are 
about to record, most of the papers that have appeared on 
the subject have borne the above or some similar title, so 
that to introduce a new name for the affection now would 
probably lead to confusion, however much it might serve to 
obtain for our own cases recognition that they are examples 
of a distinct morbid entity. 

By combined degeneration of the spinal cord is meant 
an affection in which tracts of different function are con- 
comitantly affected. It-is, therefore, obvious that under 
such a title might legitimately be included a variety of 
different affections, each of which is characterised by the 
concomitant implication of tracts of different function. 
Examples of such affections are to be found in the “‘ Ataxic 
Paraplegia ” of Gowers, if there be such an affection distinct 
from the.class of case with which we are more immediately 
concerned in our present paper; “ Friedreich’s Ataxy,” 
i Cerebellar . Heredo-Ataxy,” such cases of “ General 
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Paralysis of the Insane” as present degeneration in the 
posterior columns of the cord in conjunction with similar 
change in the lateral columns, and the like. i 

It therefore follows that there is need for a name that 
would serve to distinguish the class of case we are about to 
describe, from the affections that have just been enumerated, 
for it possesses a very definite clinical picture, noteas a rule 
difficult of recognition, and a morbid anatomy which is as 
characteristic as that of tabes or any other disease of the 
spinal cord, with as distinctive a morbid picture as that 
possessed by the disease just mentioned. A name other . 
than “Combined Degeneration,” would undoubtedly do 
much to establish the affection as a separate and distinct, 
morbid entity, would facilitate its study, and free it from 
the entanglements by which it is at present hampered, in 
consequence of the fact that so many different diseases of , 
the spinal cord are characterised by combined degeneration 
of tracts of different function. We however, feel, that at 
present we shall probably be serving a more useful purpose 
by retaining the term “ Combined Degeneration,” and must 
‘trust to the “ Subacute ” as being sufficient to exclude most 
other forms of combined degenerations of the spinal cord, 
such as are likely to be confused with the affection now 
under consideration. 

Its present name is, however, not the only entanglement 
from which it would be well to free the malady. The cases 
that were first recorded, and which led to the recognition of 
this disease as a distinct morbid entity, were described by 
Lichtheim as instances. of cord changes associated with 
anemia. Leichtenstern, the records of whose cases were 
next to appear, described the affection as ‘‘ Progressive per- 
nicious Anemia in Tabetic Patients.” In this way it has 
come about that the affection has become intimately bound 
up with anemia, which has been variously described as 
‘‘ profound,” “pernicious,” “grave,” “fatal,” and so on. 
As a consequence of this, two totally distinct conditions 
have been confused, and in the literature that has grown up 
around the publications of Lichtheim and Leichtenstern we 
find cases of each recorded in a manner that suggests that 
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the authors regard the affections as belonging to the same 
category, or, indeed, as if they are identical. Ansmia, in 
its relation to the subacute combined degeneration of the 
spinal cord, has to be considered from three points of view, 
in so far as the publications on the subject are concerned. 
There are the cases of subacute combined degeneration of 
the spinal cord with which we have to deal more directly in 
this paper, in some of which cases anemia is a feature in 
the symptomatology; secondly, cases of ansmia in which 
certain symptoms arise which point to some disturbance of ` 
nerve function and in which certain changes are found in the 
spinal cord after death ; and, lastly, cases of severe anaemia 
in which there have been no clinical phenomena pointing 
to disturbance of nerve function, but in which, neverthe- 
less, histological examinations have revealed certain definite 
morbid changes in the spinal cord. 

Cases of the first group are readily recognised clinically 
in consequence of the very definite symptomatology which 
they present, the phenomena pointing to serious structural 
defects in the nervous system; and the morbid changes 
found on necropsy serve to distinguish them from any other 
affection of the nervous system. In some of the cases 
anemia is a striking feature in the symptomatology, while 
in others, if present at all, it is slight and unobtrusive. 

The second class comprises a group of cases in which 
vague symptoms of a more or less indefinite character arise 
in the course of severe anemia, which may or may not be 
characterised by the features which are supposed to be 
diagnostic of the so-called pernicious variety. The majority 
of the symptoms indicating implication of the nervous 
system point to interference of function consequent on 
molecular changes in the nerve elements rather than to 
gross structural changes in these parts. Histological exami- 
nation, nevertheless, reveals gross changes in some such 
cases, and while these cannot be said’ to be identical with 
the changes found in the subacute combined degenerations, 
there is sufficient to make it impossible to deny that the © 
changes found in these cases may represent an earlier stage 
of the:affeetion which, when fully developed, presents so 

N ee 
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characteristic a morbid picture as that which we propose to 
lay before our readers. 

The third group is composed of cases in which, though ~ 
structural changes are found in the spinal cord on necropsy, 
_ there have been no symptoms during life which have pointed 
to affection of the nervous system. Nonne, Minnich, Burr 
and others have devoted attention to such cases, and all that . 
can be said in this connection is that although they prove 
that structural changes may occur in the spinal cord in 
` cases of anemia, they do not admit of the interpretation 
that these defects are the earliest changes the full develop- 
ment of which are seen in the subacute combined degene- 
rations, on examples of which our present paper is based. 

- All the cases like our own that have been published from 
the National Hospital for the Paralysed and Epileptic belong 
to the first category, and in all of them there has been the 
characteristic clinical picture supported by the equally typical 
morbid appearances found after death. 

The first paper from this source was by the late Dr. 
Bowman and dealt with a single case ; a paper by Dr. James 
Taylor dealt with two cases, and one by one of us (J. 8. 
` R. R.) was based on three such cases. >- 

We are indebted to Dr. Hughlings Jackson, Dr. Buzzard, 
Dr. Bastian, Sir William Gowers and Dr. Ferrier for per- 
mission to publish the following cases, which were under 
their care in the National Hospital, aud we take this 
opportunity of thanking them for their kindness. 


CLINICAL ASPECT. 


The following account of the clinical features of this 
disease is based upon nine cases in the wards of the 
National Hospital during the last three years. A post- 
mortem examination was made in seven of the cases. In 
the remaining two the diagnosis, although not established 
by pathological investigation, appears certain. One of 
these patients died shortly after leaving the hospital, but 
there was no opportunity for examination, and the other 
still remains in the hospital. 
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Added to the detailed clinical and pathological account 
“ in the appendix are three other cases, two of which are at 
present in the National Hospital, and the diagnosis of an 

early stage of combined degeneration seems highly probable, 
and a third, probably of the same nature, in which recovery 
has taken place. 

In the, first .of these series s of cases (No. 1) which came 
under our observation the symptoms were peculiar and 
striking, and the correct diagnosis was not made during life. 
In the remaining cases the aspect and course of the disease 
were so similar to those of the first case that a definite 
diagnosis was made and was confirmed by subsequent post- 
mortem examination. 

So far as we may argue from these nine cases the clinical 
picture of the disease except in its earliest stage is very 
definite, and presents features which distinguish it from 
other affections of the spinal cord. The course of the 
disease almost always tends to a fatal issue. The changes 
in the clinical features which occur in the course of the 
malady are striking, and may be divided into three stages, 
separated the one from the other by abrupt transitions and 
by a marked change in the symptom complex; this con- 
stituting perhaps one of the most striking clinical features 
of the affection. 

The three stages of the disease indicated may be sum- 
marised as follows :— 

(1) A stage of slight spastic paraplegia with slight ataxy 
and marked subjective sensations in the lower limbs. 

(2) A stage of severe spastic paraplegia with marked 
anesthesia of legs and trunk. 

(3) A stage of complete flaccid paraplegia ; absent knee- 
jerks; absolute anesthesia ; rapid wasting and loss of faradic 
- excitability in the muscles of the paraplegic region; increase 
of superficial reflex excitability; absolute incontinence of 
both sphincters and oedema of the lower extremities and 
trunk. 

Though an anemic state has hitherto held an important 
place in the symptomatology of this disease, and by some 
authors has’ been placed in important causal relation with 
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the spinal cord lesions, we have not included this symptom 
in the foregoing summary of important symptoms, for the 
reasons that some of the most typical cases presented no 
anemia throughout the whole course of the disease; others 
presented ansemia only late in the disease, when great 
general emaciation came on; while in other cases anemia 
was an obtrusive symptom from the first, and preceded the 
manifestation of nervous symptoms by many months. 

Repeated examination of the blood in the anemic cases 
failed to reveal the alterations found in pernicious anemia. 
The chariges found were such as occur in cases of secon- 
dary anemia. As regards the causal relation of this disease 
with pernicious anemia it may be pointed out that accord- 
ing to the recent opinions of the highest authorities on 
the subject,! a diagnosis of pernicious anemia arrived at 
from the character of the blood elements alone is quite 
unjustifiable. 


ETIOLOGY BASED UPON THE OBSERVATION OF SEVEN 
i CASES. 


Age.—The disease appears in the fourth and fifth decades 
of life. The average age of the patients was forty years, 
the youngest being thirty years old, and the eldest being 
forty-nine years old. 

Sexz.—Women seem to be rather more commonly 
affected than men. Four of the seven cases were females, 
and three were males. 

Heredity.—A. slight family history of nervous disease 
was present in two cases.- A marked tubercular family 
history was present in four cases. Acute rheumatism in 
three cases, and a history of cancer in two. 


OTHER FACTORS. 
These patients had been, without exception, strong and 
healthy till a short time before the symptoms became 


ag, Coupland, “Pernicious Anemia,” Allbutt's “System, of Medicine,’ 
vol. v., p. 504. . 
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manifest. Four of them had a definite history of syphilis, 
and in two only could this be excluded with. comparative 
certainty. There had been alcoholic excess in three of the 
cases, and prolonged suppuration. in three others (pyone- 
phrosis, chronic cystitis, and chronic bronchitis). In two 
cases the symptoms first appeared after pregnancy. Two 
of the patients lived in adjoining houses in the same street. 
All the patients were in comfortable circumstances, and no 
connection could be traced between the disease and acute 
illness or emotional disturbances. _ 

The onset of the disease was in most cases slow and 
insidious, and could not be attributed to any immediate 


. exciting cause. In the most acute cases, however, the 


symptoms came on rapidly, and were ushered in by head- 
ache, vomiting, pyrexia, and malaise. Where anemia had 
preceded the appearance of nervous symptoms, ‘faintness, 
languor, palpitation, and irregular pyrexia were the symp- , 
toms which brought the pence under the notice of the 


' physician. 


The earliest manifestations of implication of. the nervous 
system were subjective sensations in the lower extremities; 
numbness, a feeling of stiffness, and sometimes tingling. - 
These symptoms were often so slight that it was many 
months before the patient sought medical advice, but once 
having appeared they were constant, and showed no ten- 
dency to disappear. Soon after these sensory manifesta- 
tions, signs of slight , spasticity and ataxy developed ; the 
legs were clumsy and felt stiff and cold, and there was 
generally some dragging of the feet in walking. There was 
at this period of the disease no involvement of the cranial 
nerves, no girdle sensation, and ‘no sphincter trouble. The 
signs present at this time were simply an increase of the 
deep reflexes in the lower extremities, the extensor response 


` in the plantar reflex, and very slight loss of sense of passive 


position in the lower extremities. Similar symptoms and 
signs appeared in the upper extremities, generally at a later 
date than in the lower limbs, but sometimes coincidently, 
and the clumsiness of the upper limbs was first noticed by 


the patients in the act of writing. 


i 
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The clinical picture was one of slight ataxic-paraplegia, , 
and this constituted the first stage of the disease. 

Whether the course of the disease was rapid, as in Cases 
Nos. 2 and 6, where the duration of the illness was four and 
three months respectively, or chronic, as in Cases Nos. 5 and 
9, this stage usually occupied from a half to three-quarters 
of the whole duration of the illness. z . 

The transition from the first to the second stage -was 
usually abrupt, and was marked by the loss of ability to 
stand or walk, and by considerable loss of sensibility, to all 
forms, in the legs and lower part of the trunk. In five of 
the cases the change occurred in the course of a single 
night, and the patients, having gone to bed able to walk 
fairly well, found themselves unable to stand on getting out 
of bed in the morning. The inability to stand and walk was 
owing to loss of sense of position, and not to any marked 
loss of motor power, for this was quite good in some cases. 
Throughout the second stage the power of movement, as a 
rule, steadily declined, but was ‘not completely lost in any 


` muscle until the third stage—that of flaccidity—was reached. 


There were, howéver, two cases in which there was no 


- marked loss of power until the stage of flaccidity was 


reached, and one in which the legs became completely 
paralysed, though still ‘spastic. The muscles were rigid, 
and exhibited no marked wasting, and their electrical 
excitability remained normal. The most characteristic 
sign of the second.stage was the rapid development of 


. anesthesia. Sense of passive position was absolutely lost 
` in the lower limbs, and much impaired in the hands, which 


usually presented tabetic athetosis. Other forms of sensi- 
bility were impaired equally and in an increasing degree. 
The anesthesia of the skin was always of peripheral distri- 


‘bution at first, appearing over the feet and hands; but as it 


gradually extended upwards. it became segmental in distri- 
bution; and its upper limit upon the trunk was always a 
segmental limit, sharply defined. The highest level to 
which the anesthesia has reached in any of the cases has 


. been the upper limit of the sixth cervical root area (plates i. 


and ii.). In its progress upwards it may be limited for a 
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Fre. 1.—An early stage in the anesthesia, Case No. 8. 
Fia. 2.—Anssthesia early in the flaccid stage. sCgse No.4, `> 


(The dotted areas represeng partial, the lined areas complete, loss to all: forms.) 
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Fre, 2. 
Fras. 1 &, 2a gwo Jate stages in the anesthesia of Case No. 1. 


{The dotted areas represent partial, the lined areas complete, loss to all forms.) 
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long time to a certain segmental level, and then suddenly 
encroach for several segments higher, and over the newly- - 
involved area may show marked remissions and exacerba- 
tions in its progress to complete anesthesia. Anesthesia 
dolorosa and delay amounting to as much as fifteen seconds 
has been met with. . 

The lower lumbar and first sacral areas were always 
affected before the lower sacral’ and upper lumbar areas, 
and the lower cervical segments before the upper thoracic 
segments. 

A girdle ‘sensation in the lower cians region was 
common at this stage, and severe lightning pains in the 
lower extremities were frequent. A prominent feature of 
all the casés has been a severe constant dragging pain 
beneath the lower costal margin, always unilateral; in some 
-cases on the right side and in others on the left. 

Attacks of severe intercostal pain on one side were 
followed by herpes in two cases and in a third by a cuta- 
neous ‘hemorrhage exactly limited to a nerve-root distri- 
bution ‘(plate oe fig. 1). Similar cutaneous hemorrhages 
have been observed'in cases of tabes dorsalis by Strauss ! 
and others. 

In this stage the mental faculties were not affected, and 
the special senses were found to be normal. Optic neuritis 
was not present, but in two of the anemic cases multiple 
retinal hemorrhages were found. 

The cranial nerves were affected in some cases. Reflex 
iridoplegia was never present. Many of the cases presented 
‘slight nystagmus on extreme lateral deviation of the eyes. 
Weakness of the external rectus’ muscle with corresponding 
diplopia was present in two cases, and in one of them it was’ 
‘bilateral. Slight unilateral facial paresis was present in one 
‚case, and marked unilateral paresis and ataxy of the bcs 
with alteration of voice, was present in one case. 

The sphincters were in this stage often unaffected ; in 
‚some cases there was slight incontinence, and in one case 
only complete incontinence. Considering the depth of the 

1 Strauss. “Des ecchymoses tabétique A la; Suite des corses de douleurs ` 
fulgurantes,” Acad. de Neurologie, 1881. f 

VOL. XXII i : 4 
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anesthesia, this condition of the sphincters was remarkable, 
and contrasted very strongly with the absolute incontinence 
. always present in the third stage. 

* Trophic changes were not observed. 

‘Both the superficial and deep reflexes were increased and 
‘the jaw-jerk and foot clonus were obtainable. A marked 
extensor plantar response was present in every case. 

During this stage the general condition of nutrition 
may be’ good. In the patients with anemia there were 
superadded the symptoms of that condition. Both the 
anemic and the non-anemic patients were subject to 
` irregular elevations of temperature and symptoms of dys- 
pepsia. 

The length of this stage of the disease has varied in the 
' different cases from three weeks to six months, but it was 
usually short, and occupied less than one-sixth of the whole 
time of illness. The average duration of this stage in the 
cases which have up to the present time proved fatal was 
five weeks. 

The transition from the second stage—that of spastic 
paraplegia—to the third stage—that of flaccid paraplegia— 
occurred rapidly in the course of a few days, and was 
marked by the development of its following succession of 
symptoms in the lower extremities :—Absolute flaccid motor 
paralysis; absolute anesthesia; complete incontinence of 
the sphincters ; loss of the deep reflexes; rapid wasting of 
the muscles, with loss of faradic excitability; and oedema of 
the legs and trunk. 

This change in the clinical picture occurred in most of 
the cases while they were under observation in hospital, and 
it was accompanied by a marked change in the general con- 
dition, malaise, drowsiness, anorexia, and general asthenia, 
becoming evident, and when anaemia was present, it became 
much increased. Pyrexia’ was always associated with the 
event: The accompanying temperature chart from Case 8 
shows the behaviour of the temperature in all the cases in 
which the transition from the second to the third stage 
was observed. - 

The lower extremities, which before had. been spastic 
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_ with reflex spasms,. epileptoid spasms, and increase of the 
deep ‘reflexes, in the course. of twenty-four hours became ` 
absolutely paralysed, the spasticity giving place to complete 
flaccidity with marked hypotonicity. The foot clonus was: 
no longer obtainable, and thé knee-jerks gradually becoming 
reduced to mere flickers upon reinforcement, were finally lost 
about fouredays after flaccidity had set in. Accompanying 
this flaccidity was the most striking alteration of the electric 
excitability, the faradic excitability rapidly falling- almost to 
zero, and the galvanic excitability. being. much reduced, 
sometimes with and sometimes without a polar change. 
The diminution of faradic éxcitability was observed directly 
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Temperature Chart of Case 3. 


the flaccid condition had set in. That T early change in 
the electric excitability was not due to the severe edema, 
of the subcutaneous tissues having insulated the deeper ` 
tissues was proved by the employment of sterilised needle 
electrodes plunged deep into the muscle, the condition of 
complete anesthesia of the part allowing of this procedure: , 
The muscles wasted rapidly. In the lower limbs and trunk: ` 
the wasting was general, but in the upper extremities’ the 
wasting, which generally appeared later than in the lower - 
extremities, affected first the intrinsic hand muscles and 
then ‘the ulnar flexors, radial flexors, extensors of wrist, 
extensors of elbow, supinati, and fifth cervical group, in that 
order. This wasting continued throughout the third stage 
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progressively affecting fresh muscles in an upward direction | 
until, in the cases where the third stage was prolonged, 
there was extreme atrophy of all the observable muscles of 
the body, except those supplied by the cranial nerves (see 
plates 3 and 4). 

The trunk muscles, with the onset of the third stage 
show complete paralysis below a segmental area, usually the 
ninth dorsal. Beevor’s sign was well marked in all the 
‚cases (i.e., the shifting upwards of the umbilicus in the 
-attempt to sit up). Subsequently the upper abdominal and 
spinal muscles, the lower intercostals, and, in some Basch : 
the diaphragm became completely paralysed. 

With the exception of single instances in which paresis 
of the external recti, or of the face on one side, or of the 
larynx on one side, were met with, no paralysis of muscles 
supplied by the cranial nerves was noticed, nor were .the 
neck muscles or.the infrahyoid muscles affected. 

The anesthesia of the lower extremities and lower trunk 
rapidly became absolute, and the anesthesia rose segment 
. after segment ; first relative, then slowly becoming absolute. 
In most cases the anesthesia reached as high as the first 
' dorsal segment before death, and in two cases it reached the 
sixth cervical segment (see plate ii.). Girdle pains, lightning 
pains, and paresthesia were no longer complained of, but 
the heavy pain beneath the costal margin persisted to the 
end. With the onset of the flaccid stage the sphincters 
became in every case completely incontinent, but showed 
some reflex contraction to the usual tests. Cystitis occurred 
in several cases, but it was readily amenable to treatment, 
except in the cases with a long final stage. In these cases 
pyelonephrosis occurred. One of the most prominent 
symptoms following the change to the flaccid stage was 
the rapid appearance of much soft translucent oedema in 
the lower extremities and lumbar region. The oedema was 
much influenced by gravity, and could be readily removed 
from the feet by raising the legs. Becoming most marked 
on the fourth day of the flaccid stage, it showed remissions 
and exacerbations, and disappeared finally after about 
fourteen er 


PLATE IV. 





Fic. 1.— The right lower extremity Fig. 2.— The same limb three days before 
of Case No, 7 when admitted, death, showing the extreme muscular 
wasting, 
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Acute edema of one arm, preceded by intense pain and ’ 
lasting three hours,, was observed twice in one case; but 
with this, exception, no oedema was observed above the’ 
lumbar cushion. This symptom was present to a marked 
degree in every case. At this period signs‘of mental deteri- 
oration and disturbance appeared ; drowsiness, childishness, 
nocturnal* delirium, and varied ‘delusions were common, and 
in one case there was prolonged maniacal delirium. Re- 
peated convulsive attacks were noticed in three-cases. The 
spasms were of a-fine clonic nature, and affected the’ limbs 
only, and chiefly the periphery of the limbs. One of the 

_ patients (who only had two attacks) lost consciousness 
during the attacks, but in the other cases this did not oceur. 

The’ convulsions were strikingly like those produced in 
some people by the administration of chloralose. i 

The condition of the cranial nerves did not alter during 
this stage. In some of the patients, towards the end of the 
illness, the pupils were small, with loss of the cocaine 
‘reaction (paralysis. of cervical sympathetic). 

The abdomen was invariably retracted. 

Trophic changes in the skin, similar to those seen in 
neuritis, occurred in the extremities, and the patients, not- 
-withstanding the utmost care, developed severe bedsores.! 


The deep reflexes were lost with the onset of the third.” 


stage, while the extensor response in the «plantar reflex 
remained marked, and this combination of. the signs of: 
posterior and lateral tract involvement was found most’ 
valuable in the diagnosis of.cases seen for- the first time in 
the third stage of the disease. Case ‘No. 8 came to the 
hospital at the beginning of the third stage, with incoinplete , 
flaccid paralysis of the legs, extreme ataxy, absent 'knee- 
jerks, and anemia. -There was a history of syphilis, and. 
the case had been diagnosed as “tabes.” The presence of 
the extensor response was not in accord with the diagnosis 
of tabes. This case was published in ‘An Investigation 
upon the Plantar Reflex,” BRAIN, vol. Ixxxvii., and it was‘ 
then submitted that this ‘alteration of ‘the plantar ‘reflex 
justified a diagnosis of postero-lateral sclerosis. Though 
there, was no pathological verification in this case, the fact 
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that she died three weeks later, with all the en 
here described as typical of the third- stage of combined 
degeneration, and that her own medical attendant subse- 
quently furnished. us with ber earlier clinical history— 
one of spasticity and ataxy, foot clonus being present to 
within a few days of admission—places the value of this 
sign in this case beyond doubt. . 

A most remarkable fact, considering the wasting of the 
lower extremities, is that the general superficial reflex 

excitability of the skin of the. lower extremities -remains - 
greatly exaggerated till quite late in the third stage. 

The third stage, as & rule, lasted about six weeks, three 
weeks being the shortest period, and death occurred either 
from sudden syncope or respiratory failure. Two cases, 
however, lived five months and nine months respectively 
after the onset of the flaccid stage; but in these cases the 
onset of the flaccid stage was just as severe and the symp- 
toms for the first few weeks quite similar to those in the 
more. rapidly fatal cases. After reaching a condition in 
which death was hourly expected, these patients rallied 
a little and lingered a long time in a drowsy state of low 
vitality, with no fresh development of symptoms except 
progression of the muscular wasting and general emaciation. 
One of these patients would certainly have died in the eighth 
week of flaccidity of an attack of respiratory failure but for 
the use of artificial respiration and stimulants. The other 
case was aroused from a severe syncopal attack by powerful 
stimulants, without which it seemed probable that he would 
have died at a similar period. In the condition of mental 
and physical paralysis, profound anemia, general emacia- 
tion, and sepsis in which these patients lingered for many 
weeks, it was difficult to conceive how life was maintained 
from day to day. 

A. remarkable feature of the cases was the absence of any 
improvement of the nervous symptoms under treatment. 
From the first appearance of the disease to the fatal. event, 
the tendency was for the symptoms to increase, sometimes 
halting, sometimes progressing rapidly, but never showing 
any remission. Under treatment the general health and the 
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anemia improved markedly in some cases, but the nervous 
symptoms never. ` 

All the patients, in whatever stage they came under 
observation, showed irregular pyrexia, and this entirely 
apart from any anemic state; for the non-anæmic cases 
presented it markedly, and apart from the presence of any 

‘obvious eause, such as cystitis, bedsores, &c.- The tem- 
perature was often subnormal, and the range of upward 
excursion did not exceed 102°5° F., and was usually about 
100°5°F.; with the transition from the spastic to the flaccid 
stage there was always a marked increase in the pyrexia, 
lasting several days (see chart). 

Though the passage from the first to the second stage 
was not actually observed in any case, it was ascertained 
with certainty in two of the cases from the private medical 
attendant of the patients that marked Be had been 

- present at that time. 

In the clinical picture of this disease hee remains to be 

` discussed the anemia, which may be dee ‚under the 
following headings ; — 

(1) The anæmia preceded the appearance of the nervous 
symptoms, and was marked throughout Cases Nos. 3 and 4. 

(2) Its date of appearance was coincident with that of 
the nerve symptoms, and increased-with them. Case No. 7. 

(3) It was only present at the end of a prolonged third 
. stage, when emaciation became extreme. It was then pro- 
found. Case No. 1. á 

(4) There was no anemia during the en. course of the 
illness. Cases 2 and 5. 

(5) The blood wag not examined. Case No. 6.. 

The characters of the blood were those of a secondary 
anemia. The red blood-corpuscles were well shapen, except 

in Case No. 4, when the anemia was most profound. A few 
small dark-coloured cells were generally present. Nucleated 
red blood-cells were only found in one case, and then in very 
small numbers. : Gigantoblasts and microblasts were not 
found. 

The number of leucocytes were increased both relatively 
to the red-cells and absolutely. ‘The number of lymphocytes 


56. ORIGINAL ARTICLES AND ‘CLINICAL CASES 


`- were relatively increased in all cases, and that of thé coarse, 
oxyphile-cells‘diminished: ‘In three cases large oval-cells~ 
with reniform nuclei were found in small numbers. 

The hemoglobin was diminished in greater proportion — 
‘than were the corpuscles. , The diminution in number of 
‘ corpuscles was "most marked, towards the end of the illness ; 
‘for an instance in Case 4. . 

Two months before death —Hb. ‚56 per cent., B.B.G.’s 
: 4,000,000. © 

Three days before death Hb 18 per cent.; R. B. C.’s 
800,000. : 

There’ was ae in the blood of any of the cases in 
which it'was examined to suggest “pernicious anemia.’ 

. Neither the spleen nor lymph glands — were palpably 
enlargéd in any case. 
;, Hemorrhage was uncommon except from the bladder in 
‘connection with cystitis, when it was common. It was met 
with in the retina in two cases, and in the skin in one case, _ 
. and in these cases it was not repeated. Thrombosis was not 
met with. 

- The-usual N of anæmia, air hunger, Iaseuude, 

‘syncopäl attacks, &c., were marked. 
In several cases the anemia showed marked temporary 
improvement under treatment with iron and arsenic, but the 
improvement lasted only a short time. 

The other organs of the.body presented nothing worthy s 
of special notice. 

The clinical picture in three tableaux here set forth has 
been followed by all of these cases up to the present time fatal. 
‘The cases varied as regards the anemia and the length of 
the illness. But if the slightness of the symptoms in those 
‚patients presenting a.long first stage, and the conditions 
. under which the‘third stage was prolonged in Cases 1 and 7, 


5 


the regularity of the course of the disease as regards time is 


most striking. - 

„Most ‚of. the patients have died within four months of 
losing ability to-walk. The duration of the illness varying 
_ between three months and: thirty months averages under 
nine months. 
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The following cases, which are included in the appendix, 
presented the clinical picture of the malady, but have not 
been verified. 

Case No. 9, at the present aie under’ the care of one of 

us (J. S. R. R.) at the National Hospital, we regard as an 
instange of the disease, and it suggests that in some cases the 
latter stages of the disease may be more chronic, especially 
_the second stage, which in the other cases has been short, 
and in this case complete anesthesia, complete incontinence 
and complete paralysis, with wasting of the muscles and 
diminution of faradic excitability'are present, while the. legs . 
are very spastic and the knee-jerks increased with double 
foot clonus, that is, in the. second stage, whereas, in the 
other cases, such symptoms only appeared with the onset of 
flaccidity and the loss of the deep reflexes. 
_ Three other cases are recorded in the appendix. The 
first, No. 10, is submitted as a case of combined degenera- 
. tion during a prolonged second stage, and the second, No. 11, 
as a case,slowly passing from the second to the third stage. 
It is suggested that Case No. 12, in which recovery took 
place, was also of this nature—at all events, it could not be 
clinically distinguished. 


DIAGNOSIS. 


The differential diagnosis of combined degeneration, 
while it is simple. in the later stages, presents great diff- 
culty in. the early stages. Since few of the cases in which ~ 
the diagnösis has been verified after death were seen in the 
first stage, and since the clinical picture of that stage has 
been drawn almost entirely from the accounts of the patients 
and their friends (collected with every possible precaution to, 
avoid error), and from the medical attendants of the patients 
at their own homes, and since no diagnosis of combined de- 
generation was made at the ‘stage in any of these cases 
verified after death, we can do no more than point out the 


- _ probable features that may lead to a correct diagnosis in ane 


first stage: 
. The importance of early diagnosis i is sheidue from a point 
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of view of prognosis, and a is possible that the- disease may 


% then be amenable to treatment. 


The early clinical picture of combined degeneration, that 
of slight ataxy and spasticity, resembles ‘closely that of the 
common paraplegic form of disseminated sclerosis in an early 
stage.’ Three’ of the cases here recorded were- examined by 
` çompetent authorities soon after their symptoms commenced 

and the diagnoses madé by them, were :— 

Case No.3. Slight spastic paraplegia. Anemia. ? cause. 

Case No. 5. Early disseminated sclerosis. i 

Case No. 6. ? Early disseminated sclerosis. 

_ In attempting to distinguish these two diseases, careful 
attention should be paid tothe history. The age’at which 
‘combined degeneration occurs is not the most common 
for the appearance of symptoms of disseminated sclerosis. 
‘The preponderance of subjective sensations in the legs, the 
absence of the functional manifestations, of exacerbations ' 
and remissions of the symptoms, of nystagmus, and of 
sphincter trouble which are so usual in disseminated 
sclerosis, and the presence of irregular pyrexia are probably’ 
of great importance in the early egos of combined 
degenerations. 

The presence of anemia in an early case of spastic 
paraplegia should give rise to a suspicion, but ‘the possi- 
‘bility of chlorosis, associated with disseminated sclerosis 
in. young women, must be borne in mind. A symmetrical 
affection of all limbs, with slight ataxy and. spasticity, pre- 
‚ponderating in the legs, is- a most poani distinguishing 
symptom of" combined degeneration. 

In the second stage the diagnosis is more certain. _ The 
' history of slight symptoms preceding a sudden complete and 
lasting helplessness of the legs; the preponderance at first 
of ataxy over loss of power; the rapidly-increasing anæs- 
thesia. paresis, and spasticity ; the severe lightning pains ; 


. „the absence of sphincter trouble as a rule; the. pyrexia and 


the enemia, if present, serve to separate the disease from 
other forms of paraplegia. 

_ „In the third stage the diagnosis is easily made from the 
only diseases which present a symptomatology in any 
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way resembling that of combined degenerations. These 
diseases are tabes dorsalis, acute wien polyneuritis, and 
- spinal tumour: ` 

Most of the cases were sent to the Topti for the first 
time in this stage labelled ‘‘ Tabes,” on account of the 
flaccidity, anesthesia, loss of deep reflexes, and complete 
incontinence. A history of spasticity changing rapidly to 
flaccidity, the completeness of paralysis and anesthesia, 
the pyrexia, the oedema of the legs, the rapid muscular 
wasting and loss of faradic excitability, and that sure 
sign of involvement of the pyramidal system—Babinski’s 
extensor response in the plantar reflex—at once excludes, 
tabes dorsalis. Moreover, ‘the Argyll-Robertson pupil was 
never present. In one case bilateral sympathetic paralysis 
had been described as “slight bilateral ptosis, marked 
myosis, and reflex iridoplegia.” The sudden onset of com- 
plete paralysis and oedema resembles the onset. of acute - 
myelitis, but the preceding history will at once A 
the two conditions. 

- A tumour pressing on the spinal cord, and giving rise in 
order to slight and severe spastic paraplegia, and finally to 
flaccid paraplegia, in some cases produces the picture most 
neatly approaching that of combined degenerations. The 
absence of severe root pains preceding the paralysis and the 
distribution of the physical signs in very unequal degree, in 
‘the upper and lower limbs, .together with the absence: of ` 
other distinctive signs of spinal tumour, should prevent an 
error in diagnosis. 

The involvement of all the limbs, with finccid oe 
wasting, diminution of faradic excitability, anesthesia, and 
loss of the deep reflexes are not unlike the symptoms of 
peripheral neuritis, but the resemblance'is superficial only. _ 
The history of a preceding spastic state is incompatible with 
the diagnosis of polyneuritis. Total incontinence of the 
sphincters, paralysis of the trunk muscles, anesthesia upon 
the trunk, following a root distribution, girdle sensations; 
and the presence of the extensor response in the plantar 
reflex are symptoms quite incompatible with a diagnosis of 
polyneuritis. : i 
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Prognosis. 


So far as these cases are concerned the certain diagnosis 
of combined degeneration passes a short sentence upon the 
patient. 

It may be, however, justifiable here to note that a patient 
of Dr. Ferrier’s, at the National Hospital, suffered with a 
short illness associated with pyrexia, in which he* suffered 
successively with slight ataxic paraplegia, severe ataxic para- 
plegia, and flaccid paraplegia, with wasting, oedema, and 
_ complete incontinence. After remaining flaccid for five 
days, he rallied from an apparently moribund state, and 
made a rapid recovery. 

This patient is still under observation, and is at work. 
(Case No. 12.) 


Treatment. B 


It has been already mentioned that under treatment 
with iron and arsenic the anemia may improve greatly 
` for a time. 

‚No drugs have pin ford to influence the nervous 
apuptme in any way. Mercury, iron, iodide of potassium, 
arsenic, strychnine, quinine, salicylates, and various animal 
extracts have been given with no benefit. 


MORBID ANATOMY. 


The condition of the body at the time of death varied 
‘with the duration of the last stage of the disease. When 
this had been long, the limbs and especially the lower 
extremities were wasted, and in some cases this was 
extreme, and the legs had become contracted in the flexed 
position. In those: cases in which the last stage of the 
‘disease was of shorter duration, the wasting was not so 
marked, and in these cases there was often a good deal of 
adipose tissue, not only over the trunk, but also over the 
extremities. Bedsores have always been present. 

The brain, cerebellum, and pons in most cases appeared 
perfectly normal, but there was occasionally some wasting 
of the cortex, with slight thickening of the membranes and 
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compensatory edema. The vessels at the base of the brain ~ 
appeared perfectly normal. 

The spinal cord, apart from being slightly wasted (a 
condition, however, by no means always present). appeared 
perfectly normal, so far as its external aspect was concerned. 
There was, however, in one case slight opacity of the arach- 
noid membrane. .On section of.the cord, the gray appear- 
ance of the degenerated parts was at ‘once obvious, and this 
became more marked after the cord had been hardened in 
Miiller’s fluid, when the sclerosed areas stood out of a lighter 
_ colour than the neighbouring healthy tissue. 

The lungs have shown various degrees of oedema, and 
patchy pneumonia, but otherwise have appeared normal. 

The heart, both in regard to its valves and. the condition _ 
of its walls, has appeared normal; in one case it was de-. 
scribed as fatty. The pericardium has in all cases appeared 
normal. 

The liver was generally enlarged to a slight degree, but 
. showed no marked change ; no free iron reaction has been 
‚obtained. 

The spleen was found enlarged and soft,. but the gdi 
tion, seemed to depend on the condition of the bladder and 
kidneys; for when these were normal the spleen did not 
manifest the above ‘changes. i i 

The kidneys often showed some change secondary to the 
condition >of the bladder, either septic infarcts or pyone- 
phrosis; in other cases they were either. normal ox showed 
slight granular change. 

The bladder showed varying degrees of cystitis. 

The bone marrow was examined in two cases froni the 
femur, and in the first appeared red and almost diffluent, 
resembling the condition of. the softened spleen; and this 
was a case in which the bladder appeared fairly healthy ; in 
the second case it was of a more normal appearance, being 
- pale and of the usual consistency.. The muscles of the leg 
showed various degrees of atrophy, in most cases being 
flabby and very oedematous, but in others being simply 
wasted. The muscles of the upper extremity were much. 
less affected than those of the lower. 
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Series of sections from the medulla and spinal cord of Case No. 1. 

The last stage of the disease in this case was of long duration, and conse- 
quently the amount of sclerosis is greater. 

The sections have been stained by the Weigert-Pal method, and show the 
most marked change in the mid-dorsal region, where the whole of the peri- 
phery of the cord is affected, leaving the gray matter and a few medullated 
fibres in the immediate neighbourhood intact (figs. 4, 5, 6, 7). In the lowest 
of these, however, the whole of the periphery is not destroyed, a portion of 
the antero-lateral tract remaining intact (fig. 7). 

In the lumbar region the disease tends to be limited to the posterior 
columns and the crossed pyramidal tracts, while in the sacral region, except 
for some slight affection of the crossed pyramidal tracts, the cord appears 
. normal (figs. 8, 9, 10). i 

In the lower cervical region the destruction of the cord is still extensive, 
involving the periphery, but leaving a wider area of normal medullated fibres 
round the gray matter (fig. 4). 

At the level of the first cervical segment (fig. 3) the most marked degenera- 
tion of the cord exists in the posterior columns and direct cerebellar tracts, 
but it is not limited to these. 

In the medulla (figs. 1 and 2) the. pyramids appear normal, but there is 
obvious degeneration in the region of the direct cerebellar tract and of the 
posterior column nuclei. 
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Case No, 1. 
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‚ Mier een Appear ances. 


The stress of the disease fell upon the mid-dorsal region 
of the cord, and therefore it.will be convenient to commence 
with a description of the condition found in this region, 
and subsequently to pass to other portions of the cord. On 
examining a section of the cord taken from about the level 
of the sixth or seventh dorsal nerves stained by, the Weigert- 
Pal method, it was at once apparent that there had been 

_very marked destruction of the white matter of the cord all 
round the periphery, leaving the gray matter and a small 
area of white matter immediately surrounding it perfectly 
normal (see plate v., figs. 5 and.6, and plate vi., figs. 6 
and 7); and it was apparent also that the destruction was 
not in any way limited to the ‘long tracts of the cord, but 
affected the endogenous and.exogenous fibres alike—in fact, 
all that was not in close proximity to the gray matter. 

The posterior columns, which are generally most affected, 
‚may be completely sclerosed except for a small area‘in im- 


mediate contact with the canes third of the ee u 


horns. 

If from this point in the ae dere region the process 
was traced up the cord, it was, found that the general de-. 
struction gradually became less, and, instead of affecting all. 
tracts alike, tended to limit itself ‘to the ‚posterior columns 
(the columns of Goll being more affected than those of Bur- 
. dach), the dorsal and ventral cerebellar tracts; and.to the 
crossed pyrarhidal tracts (plate v., figs: 3 and 4, plate vi., 
fig. 3). But even in the cervical region, although these 
‘may be the most affected areas of the-cord, yet the disease ' 
was by.no means limited-to them, for scattered degenerate 
areas were also present, a favourite ‘situation for these being _ 
_in the ventral region of the cord in the position occupied 


by the direct pyramidal tracts and the neighbouring ground Pr 


bundles (plate v., fig. 4). 

The destructive lesion was found as high as ‘the upper 
portion of the medulla, but degenerate fibres could be seen 
by the Marchi method in the: pyramidal tracts as high as 
the mid-region of ‘the pons, and in the upper portion of the 
ventral cerebellar tract in the. velum. | -o 
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Series of sections from the medulla and spinal cord of Case No. 2. 

The last stage of the disease in this case was comparatively short, lasting 
only about three weeks, , Bei ; 

The sections have been stained by the Weigert-Pal method, and show the 
most marked degeneration in the mid-dorsal region. In this region (figs. 5, 

‘6,7, 8) there is degeneration both of the posterior and antero-lateral tracts, 
leaving the ventral portion of the cord unaffected except for a few scattered 

- patches.: i a 

"“" In the lumbar region (fig: 9) the degeneration is almost limited to the 
posterior columns and the crossed pyramidal tracts, while in the sacral region 
(fig. 10), except for some slight change in the crossed pyramidal tracts, the 
cord appears normal, ss. 

In the cervical region (figs. 3 and 4) there is marked degeneration in 
the neighbourhood of the crossed pyramidal tract and the posterior columns, 
leaving the ventral portion of the cord almost normal. 

In the medulla (fig. 2) the pyramids appear normal, and the only de- 
generation visible by this method is that seen in the funiculus gracilis. 


Although: the degeneration has been described in certain tracts, it will be - 


noticed that it is by no means limited to the strict margins of the tracts, and 
also that the degeneration occurs in patches,-but that the margins of these 
never have the sharp edge that is commonly seen in disseminated sclerosis. 


j ` 
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Case No, 2. 
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` The upper portion of the pons, the internal capsule, and 
the cortex of the brain appeared perfectly hormal.- l ' 
`- On passing to the condition’of the cord below the mid- 
_ dorsal region, it was found that the diffuse: destructive ‚pro- 
_ cess steadily tended to diminish as the Jumbar region. was 
reached, and here-it. was usually found ‘that the degeneration 
was limited to the crossed pyramidal tracts with some patchy 
destruction in the posterior columns, and: possibly. also in 
the ventral region: of the cord (plate vi., fig. 8), In the 
` sactal region ‚the degeneration was almost entirely limited 
to -thè crossed pyramidal tracts, though in some instances 
patchy degeneration was present. in the ae columns 
also. 
With regard to the’ Gain as seen: by. ‘the Marchi o 


`” method, the same features as above described were observ- 


able, but it was found that the areas in’ which degenerate 
fibres could be seen. were considerably’ ‘wider than those 
which the Weigert-Pal ‘method had indicated, and these 
recently degenerate fibres were present in largest numbers ‘ 
in that part of the affected area which bordered. on \the 
‚healthy white matter interposed between this and the vacu- 
olated area to be'described below. Degenerate fibres were 
also found scattered in the otherwise healthy white matter,‘ 
“in the vacuolated region, and to à much less extent or not at 
all in the sclerosed areas (plate’vit.). . í 
Lissauer’s tract appeared, for. the most part, normal ı on 
examination both by the Weigert-Pal and Marchi methods. ` 
In some cases it was rather pale as seen in sections prepared 
by the former method, but when compared with the normal 
‘tract the difference was not striking, and the absence of any 
. recently degenerated fibres.also seemed to support this view. ' 
Even in the mid-dorsal region, where the periphery of the 
cord was extensively affected, this tract,. together with he 
apex of the posterior horn, escaped destruction. ae 
There were obviously two distinct processes at work:in ' 
relation to the alter ation found in ‘the spiral cords of these 


> Gases. 


(1) A focal destructive lesion. 
(2) A system lesion. f N ae 
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; Prate VII 
Series of, sections from the medulla and spinal cord of Case No. 5 stained 
by the Marchi method. The sections have been drawn under an Edinger’s 
projection apparatus. : 


In the medulla the most marked degeneration is seen in the direct cere- 


bellar tracts, and to a less extent in the pyramids (fig. 1). 

= In the cervical region (figs. 2, 3, 4) the areas of most marked degeneration 
appear to be.the columns of Burdach, the pyramidal and direct cerebellar 
tracts, although the degeneration is by no means limited -to these. . The 
apparent absence of degeneration in the.columns of Goll is accounted for by 
their complete sclerosis. The areas of degeneration are wider than those 
seen when similar sections are stained by the Weigert-Pal method. -` 

In the dorsal region (figs.,5, 6, 7) the area of degeneration is wider, leaving 
only a small band without any degenerated fibres in the antero-lateral tracts. 

In ‚the lumbar and sacral regions (figs. 8 and 9) of the-cord, degenerated 
fibres can be seen in the posterior columns; in the situation of the crossed 
pyramidal tracts, and in the ventral region of the cord. ` 
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Fig. 1. 


Pig. 6, 








Fig. 2 


Pig 8. 








Fig. 3. 


Case No. 5, 


PLATE VIII. 





Transverse section of the spinal cord from the mid-dorsal region to show 
the vacuolated condition which oceurs in these cases from the swelling of the 
medullated sheath and subsequent absorption of the products of degeneration. 

The normal gray matter and some healthy fibres are seen to the left of the 
field, and some vessels with thickened walls can be seen in the vacuolated 
area, Magnified 43 diameters. The largest space seen in the centre of the 
field measures ‘07 mm. in diameter. The normal medullated fibres in the 
same field measure rather less than ‘01 mm. 
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while, on , the other hand, similar: ‘changes were fond in the 
` posterior colunins in’ the lumbar region. | 
The gray matter was practically. normal. There were no 


degenerate areas present, nor were there any hemorrhages, 


and, moreover, the vessels were neither. thickened nor 


e engor ged. 


The cells of, the anterior horns ‘and of Clarke’ 2 Selena 
were for the most part normal; in certain sections of the 
cord, however, there were possibly rather fewer cells than 


> 


normal, but those that remained were well stained. The: . 


„ nucleus, and nucleolus ‘were normal, as were the cell pro- 
“cesses and the chromophilic granules, both. as regards their. 
‘arrangement and their staining; many of the cells were 


- however extensively pigmented, this pigment being appatent _ 


not, only by the Marchi’ method; but also by the Nissl | 


i method. 


The anterior nerve- toot BERN normal both to the 


» Marchi and Weigert-Pal methods, and this even in: the 


dorsal region, where they lay in. close contact with the" 


degenerated areas within the cord. 


The posterior nerve-roots and the posterior root aie x 


‘appeared normal, although here again the cells contained a 


. considerable amount of pigment. In one case, however— 


No. 7—in- which a subcutaneous hemorrhage had occurred 


in the area of skin supplied by the seventh left posterior root . 


(plate ix., fig: 1), a cyst measuring 8 mm. in diameter and 
. filled with clear fiuid was found (plate viii., fig. 2). Many 
_ Of’ the cells of this’ ganglion \had undergone considerable 

“atrophy, although. others appeared perfectly normal. There 
' was also an incision of the connective tissue between the 
cells. -The vessels of the cord in the affected areas were 
engorged and their walls thickened, but there was no actual 
thrombosis.. In the unaffected areas, however, the vessels 
` were neither engorged 'nor- thickened. An: exceptional 


condition was, however, met with in one case in which the | 


middle ‘coat of the vessel appeared to have undergone a 
hyaline change. There was no obvious thickening of the 
_ meinbranes even over the areas in. which the sclerosis. of 
‘the cord was most ‘marked. ; x i 
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With regard to the first, on examining the margin of the 
patches of degeneration, it was found that the earliest pro- 
cess that took place was swelling of the medullated sheaths, 


‘the axis-cylinders remaining apparently unaltered. The next 


step was that the swollen sheath underwent fatty degenera- 
tion, and this in turn, became absorbed, and at the same time 
the axis oylinders disappeared, a space being thus formed, 
simply surrounded by the connective tissue of the cord. 
This space was often of considerable size from the fact that 


the individual spaces became fused into one another, and in _ 


those portions of the cord where the destruction had been 
most acute nothing was left but the connective tissue which 
formerly supported the now atrophied fibres forming the 
vacuolated areas above alluded to and figured in plate viii. 


In certain cases in which the condition had existed for a l 


considerable time, or in those portions of the cord in which 


_the disease was of longest standing, a considerable amount 


of fibrous tissue had become deposited in and about the loose 


E meshwork, and a dense sclerosis of the cord had occurred in 
- which neither spaces, medullated sheaths, nor azis cylinders 


could be seen. 

As to the second process, viz., the system degeneration, 
it was found that, the long. tracts of the cord exhibited a 
degeneration similar to that which is found after transverse 
lesions of the cord, that is to say, there was degeneration 
of, the medullated sheaths and axis cylinders and a gradual 
replacement by connective tissue giving rise to a definite 
sclerosis of the cord. The two, processes merged into one 
anothér so closely that it was often impossible to say 


‘which was the focal lesion and which the system -lesion, 


but as a general rule the farther from the mid-dorsal region 
the ‘more easy it was to distinguish what appeared 'to be 
system degeneration from that due to focal changes, so that 
in the cervical region the system degeneration became more 
apparent in the afferent tracts, while in the lumbar region it 
was more evident in the efferent tracts, but it is not to be 
supposed that the change was limited to afferent or efferent 
tracts in either region, for extensive degeneration was found 
in’ the pytamidal tracts even as high up as the medulla, 
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Fic, 1. 


Subcutaneous hemorrhage over chiefly the seventh left thoracic root area. 
The left limit of the figure is the middle line of the body in front, the right 
limit is the posterior mid-line, The seventh dorsal spine and nipple are 
indicated, 

(Traced from the body upon paper and reduced.) 





Fic. 2, 


Section through the seventh left thoracic posterior root ganglion showing 
a cyst occupying the centre of the ganglion (case 7). The cyst measured 
3mm. by 4 mm. and was filled with a clear fluid. The walls of the cyst are 
composed of two coats, an outer of closely packed and an inner of loose 
connective tissue, Many of the cells of the ganglion are normal; altered and 
shrivelled cells are also present, Magnified six diameters. 
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Nerves.— Various peripheral nerves have ‘been examined, ` 
and in most of the cases they were found to be normal or 
showed only very slight changes, either by the Marchi or 
Weigert-Pal methods. In one’ case (No. 1), however, 
there was very considerable degeneration of the nerve-fibres 
—a change that not only occurred in the larger nerve-fibres, 
but which also involved the finer branches of the nerves 
within the muscles, and which appeared to affect not only 
the motor nerves but also those of sensory origin within the ' 
muscle-spindle. The degeneration of the nerves would seem ' 
to be a late manifestation ofthe disease, as this patient oe 
a long time after the disease was far advanced. 
Muscles.—The condition of the muscle-fibres: in these 
cases varied considerably, although they all showed. atrophy ; > 
the degree to which this had taken place differed to a very ` 
great extent. In the most extreme case the fibres, had 
become so reduced in size that they had lost their. striation, 
and measured only ‘004 mm. in diameter, and there was in 
this case a corresponding increase of the connective tissue 
(plate x., fig. 1): It was interesting to note that although. 
the atrophy of the muscle-fibres had become so extreme, yet 
many of the finer nerve-fibres in the immediate neighbour-. 
hood were, to all appearances, perfectly normal. On the 
other hand, in the cases in which the atrophy was not so 
marked (and these form the greater proportion of ‘the cases) 
it was found that the extent to which the muscle-fibres were ` 
reduced in size was such, that instead of measuring fiom 
06 to ‘08 mm. in diameter, they measured on the average 
less than “04 mm., and assumed a rounded instead of the 
polygonal shape commonly seen in muscle cut in transverse 
section after hardening (plate x., fig. 2). In a small number 
fat could be seen within the muscle-fibres; these were 
always fibres of small.size, and usually measured from 08 . 
to ‘02 mm. in diameter. This fatty degeneration of the. 
fibres was rather the exception than the rule. There was 
no evidence of any inflammatory process, unless we accept 
the increase of connective tissue as having this significance ; ; 
whereas, as above stated, this was- sufficiently accounted 
for by the extreme: atrophy which the ee ‚had 
undergone. ` 
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M uscle-spindles. — These organs ae remarkably ai 
preserved, especially when the atrophic condition of thé 
. muscle in which they lay was taken into account. The 

` capsule and general appearance of the spindle was ‘hormal ; 
-the intrafusal muscle-fibres were of normal size, retained 
_ their striation, and only’a few of them exhibited slight fatty 

_ degeneration. With regard to the nerves passing to the 
-mouscle-spindle, many appeared normal, -and all those 
examined contained at least one normal fibre ; "when, how- 
„ever, we consider the large number of nerve-fibres which 
` are normally present in the muscle-spindle, it seemed pro- ` 
bable that there had been a certain amount of atrophy of ` 
the nerve-fibres even within the muscle-spindle. 

The muscle-fibres of the diaphragm appeared norinal. 

The heart muscle appeared fairly normal ; there was no 
fatty degeneration, but there was brown pigmentation of 
the fibres, extending from either pole of the nucleus of the 
fibre ; the muscle-fibres did not appear much’ atrophied, and 
measured about ‘02 mm. 2 

The liver in the cases examined did not give the free iron 
reaction. There was some fat in the periphery of the lobules 
` of the liver, but not in such amount as to be considered 
pathological. 

The kidneys in those cases in which there had been in- 
fection from the bladder showed areas of small cell infiltra- 
tion; in other cases they appeared normal, or showed 
slight fatty degeneration in the epithelium of the tubules. 


PaTHOLOGY. 


Various views have been advanced as to the satiology 
cand pathology of the affection ; but as these have been ms 
discussed in a former paper by one of us (J. 8. R. B.), w 
do not-propose to do more than epitomise the salient ne 
brought out in that discussion. The spinal cord changes 
have been variously attributed by different writers t to one or 
other of the following causes :—. 
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Fic, 1.—Transverse section from the vastus internus muscle of case No. 1, 
showing the extreme degree to which atrophy may take place. A portion of 
the muscle has been selected in which some comparatively large fibres remain, 
but the majority are atrophied to such a degree that they measure less than 
004 mm. The large muscle fibre in the centre of the field measures 03 mm., 
i.e., about one-half the diameter of a normal fibre. 

There is a very considerable increase in the nuclei between the muscle 
fibres, but not more than can be accounted for by the fact that the normal 
connective tissue nuclei are approximated owing to the atrophy of the muscle 
fibres. Magnified 160 diameters. 





Fic, 2.—Transverse section from a normal vastus internus muscle for 
comparison with the above. The normal muscle fibres measure about ‘06mm. 
in diameter. Magnified 160 diameters. 
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. +, 


on 


SUBACUTE DEGENERATION OF THE SPINAL CORD 71 


(1) The anemia frequently found in association with the 
spinal cord symptoms in these cases. . 

(2) Multiple hemorrhages 1 in the spinal cord occurring in 
‘association with the aneemia.- _ 

(8) Thickening of the walls of. the, blood-vessels, the 
vascular change being primary and that in the nerve ele- 
ments secondary in origin. 

(4) An acute myelitis occurring in the. ‘earlier stages of 
the disease, or a disseminated myelitis having a predilection 
for certain tracts of the spinal cord. 3 

(5) The affection of the white matter serdar to a 
primary change in the gray matter of the cord. 

(6) A toxic agent, which is jointly responsible for the 
changes in the spinal cord and for the anemia in those cases 
in which this symptom is present. 

The existence of so many different views on this question 
must, in part at any rate, be due to the opinions of writers 
being based on the particular conditions found in the cases 
which have come under their individual observation, and in 
greater part probably owing to the confusion that has 
already been alluded to, and in consequence of which cord 
changes occurring in the course of severe anemia have been 
regarded as identical with the subacute combined degenera- 
tion of the cord in which anemia may be a prominent 
symptom. A study of our own cases, in conjunction with 
all the recorded cases that strictly come within the same 
category does not, it appears to us, admit of such Givers 
of opinion. 

The first point to be considered is what justification there 
is for regarding the cord changes as due to anemia; but the 
objections to this hypothesis are so strong that we do not 
propose to devote much space to its discussion. Though a 
marked feature in many of the cases of the disease under 
consideration, anemia has not been present, at any rate, to 
any notable degree in some, while in others in which it has 
been a prominent feature, the anemia has not become 
obvious until some time after the spinal cord affection has 
manifested its presence by such clinical phenomena as we 
know indicate disturbance of this part of the central nervous 
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‘ system. Moreover, although cases of profound anemia com- 

monly occur,,and although a large number of such cases 
which present the features of the, pernicious and other varie- 
ties of anæmia have been examined by competent observers, 
in none of them have there been either clinically or after 
death the phenomena which characterise the class of case 
whose pathology we are now considering. Morbid changes 
have been found in the spinal cord in some cases of fatal 
anemia, but in none of them have the changes been in any 
way comparable to those so characteristic of the group of 
cases of sub-acute combined degeneration. While dissent- 
ing from the view of those who hold that aneemia is respon- 
sible for the morbid changes present in the cases of combined 
degenerations, we are, nevertheless, prepared to admit the 
possibility that anemia may play a part in reducing the 
resistive powers of the nerve elements, thus rendering them 
less able to withstand the baneful influence of toxins, a pro- 
‘perty which anemia may be supposed to share with other 
debilitating influences and cachectic states. Thus it may 
happen that anemia or other impoverished states of the 
system, themselves dependent on the action of some toxin, 
may in their turn render the nerve elements more suscep- 
. tible to the action of the same, or, it may be, some other. 
poison. 

The view which supposes the degenerative changes in the 
various affected tracts of the cord to be due to small hamor- 
rhages is equally untenable, for no hemorrhages were present 
` in any of the cases included in our present series, nor could 
the slightest, traces of former extravasations be detected. 
Even when hemorrhages have been described as present, 
‘they have been too few, too small, and too scattered to pos- 
sibly account for degenerations affecting tracts symmetrically 
and in their entirety throughout so large a part of the spinal 

cord, and producing so profound an alteration as to result in 
the complete degeneration of certain of them in parts of their : 
course. Moreover, did larger hemorrhages occur at certain 
points in the cord so as to interrupt the greater parts of the 
same tracts on both sides, we should find some evidence of 
ascending degenerations of certain tracts above such lesions — 
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with their escape, at any rate in part, below them, and of 
descending degenerations of other tracts below such hemor- 
rhages with partial or complete escape of the same tracts 
abovethem. Not only have no such hemorrhages ever been ' 
met with, but the distribution of the degenerations in the 
` cord quite precludes such a possibility. It is only necessary ' 
to remember that in most of these cases the degeneration, 
both in the posterior and lateral columns is most pronounced 
in the mid-thoracic region of the cord, and that it diminishes 
in degree and extent in both pairs of tracts as we pass to- 
wards the cephalic and caudal extremities respectively. 

The hypothesis which, while not regarding the degenera- 
tions in the cord as secondary to hemorrhages, nevertheless 
assumes that they are of vascular origin in the sense that 
the degeneration commences in the immediate vicinity of 
vessels with altered walls, owes its origin to the observa- 
tions of Nonne and Minnich, who both found areas of 
degeneration surrounding vessels with altered walls, but 
who were not dealing with the class of case whose 
pathology we are now discussing, but with cases of anemia 
in which patches of degeneration were met with in the 
spinal cord. We have found nothing in the appearances 
of the morbid changes in the cords of our cases to justify 
the belief that the affection is vascular in origin in the 
sense that alterations occur primarily in the walls of the 
blood-vessels, and that the changes in the nervé elements 
are secondarily induced. That the topographical: distribu- 
tion of the degeneration of the white matter of the cord 
depends on the vascular distribution, however, there seems 
to be little question. This will be obvious if it be borne in 
mind that the blood supply of a given transverse area of the 
cord is mainly derived from.two sources, the anterior median 
arteries in the anterior median fissure and the peripheral 
arteries derived from the vessels of the pia mater.’ The 
former supply the gray matter of the anterior horns and the 
white matter bordering on them, and the neck of the pos- 
terior horns, including Clarke’s columns, while the latter- 
supply nearly the whole of the rest of the white matter of 

the cord. The distribution of the affection in the white 
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matter of the cord.in these cases of combined degeneration 
is precisely that of these peripheral -vessels. Why there 
should be the escape of the area of supply of the anterior 
‘median arteries is not clear, but this much seems certain, 
viz., that the affection -of regions supplied by the peri- 


` pheral vessels does not depend on pachymeningitis- in ‘ 


these cases, for no such change has been found in any 
of our present series. This admission that the morbid — 
condition owes its topographical distribution to the vascular 


= ‘supply must not be interpreted as meaning that we are 


x 


of opinion that the degenerations of the spinal.cord are 
vascular in the sense that they depend on changes in the 
vessel walls, whose impermeability leads to impoverish- 


` ment of the nerve elements. That such thickening of 


vessels occurs, and that when it occurs it cannot fail to 
affect the nutrition of. the parts, supplied by such vessels 


` is, admitted; but that this is the primary cause of the de- 


‘gehėration of the nerve element is far from our belief. We 
-regard such changes in the vessel walls as have been found 


'. as depending on the same cause as the parenchymatous de- _ 


generation of the nerve elements, or'as resulting from irrita- 


_ tive disturbance consequent on the degenerative changes in _ 


these ; and that the only part played by the vessels in the 


‚initiation of the morbid changes in the nerve elements is 
. that of bringing the toxic material to them.. 


The question of the vascular supply of the cord and its 


: influence on-the ‘topographical distribution of the morbid 


changes is, however, of interest from another point of view. 


‘It is tempting to assume that the fact that the most exten- 


sive changes are met with in-the mid-thoracic cord is due to 


_ the fact that this portion of the cord is less well supplied with 


blood than any other part, a view that would appear to 
receive some support from the fact that it is in this region 
that we most commonly meet with transverse softening, pre- 
sumably due to vascular thrombosis and unfortunately and 
erroneously ‘designated transverse ‘‘ myelitis.” On search- 
ing for anatomical evidence, however, in support of the view 
that the mid-thoracic region of the spinal cord is least 
well. supplied .with blood, we can find little to justify the 


+ 


SUBACUTE DEGENERATION OF THE SPINAL CORD 75 


assumption, most of the evidence from this standpoint indi- 


cating rather that it is the lowest part of the thoracic cord 
and the lumbo-sacral region that is least well supplied with 
blood, both because this part of the cord is farthest from the 
origin of the anterior and posterior spinal arteries which are 
derived from the vertebrals in their course within the cranial 
cavity, and because the reinforcing arteries which reach the 
spinal cord by way of the nerve-roots have both a longer 
and a more vertical course from below up to this part of the 
cord, in addition to which of all the reinforcing arteries these 
are farthest away from the heart. Some observations con- 
ducted by Dr. Carrington, and referred to by the late Dr. 
Moxon in one of his suggestive Croonian Lectures (Lancet; 
1881, i., p. 530), are worthy of attention in this connection. 
Injections were made into the femoral arteries in seven dead 
bodies, and in spite of its being a priori more probable that 
the vessels at the lower end. of the spinal cord would be 
better injected than those. at the upper end, the reverse 
obtained. In all the subjects the spinal arteries filled from 
above down, the injection either ceasing at the lower end of 
the cord or above that part, and while-it was obviously rein- 
forced by vessels which entered along the nerves, in no case 
were the reinforcing vessels of the nerves of the cauda equina 
found injected. 

Much as all this bears nominees the possibility that the 
part of the cord most affected in the combined degenerations , 
is that least well supplied with blood, it has to be remem- 
bered that it is notin the region of supply of either the 
anterior or posterior spinal arteries, or of the reinforcing 
arteries that enter the spinal cord by the nerve-roots that the 
degenerations occur, but that the degeneration i is in the. area 
of supply of the pial vessels. 

We have next to consider the view that the spinal cord 
affection in the sub-acute combined degenerations is the. re- 
sult of myelitis. The objection which has been advanced ` 
against considering the degenerations as the result of hæmor- 
rhages, to the effect that parts of certain tracts should be 
affected above such lesions and should escape below, while 
others should be affected below and escape above, is equally 
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applicable in the case of myelitis. Then, again, although we 
see all stages, including what appears to be the earliest of 
the changes in the spinal cord, we never meet with a round 
cell infiltration of the tissues so characteristic of changes 
of inflammatory origin. 

The view that attributes the changes in the white columns 
of the cord to a primary affection of the gray matter appears 
to us to be erroneous in that in no small proportion of the 
total number of recorded cases, including all those of our 
. present series, the gray matter has been found intact, while 
in a large number of cases in which changes have been 
found in the gray matter they have been slight and insignifi- 
cant compared to the degeneration of the white matter, so 
that the latter could not possibly depend on the former 
changes. Moreover, there is a wonderful symmetry in the 
affection of the white matter, while changes in the gray 
matter when present are, as a rule, irregularly distributed. 
A further argument against this view is to'be found in the 
fact that the parts of the white matter which chiefly escape 
are largely those the fibres of which are of endogenous 
origin. 

There only remains for our consideration the view that 
a toxic agent is jointly responsible for the changes in the 
spinal cord and for the anemia in those cases in which this 
symptom exists; and to this view we strongly incline. 
Although no poison has been determined in these cases, 
both the clinical picture and the morbid changes suggest 
that some toxin is responsible for the production of the 
disease. This toxic body (whatever may be its chemical 
nature) may reasonably be supposed to produce a parenchy- 
matous degeneration by its action on the nerve elements of 
the spinal cord. Such a theory accords best with the 
changes found and with their distribution. The most 
reasonable explanation that can be offered as to why some 
parts of the cord are affected and others are not is that all 
parts of the central nervous system are not equally prone to 
be deleteriously affected by one and the same toxic agent, 
and that while certain parts are exceedingly easily damaged 
by one poison, others have a peculiar power of resistance to 
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the action of such a toxin, while it may be that these very 
parts are much less able to resist the action of some other 
toxin which may have little or no effect on the parts so sus- 
ceptible to a poison having different properties. 


$ 


APPENDIX OF CLINICAL CASES AND PATHOLOGICAL RESULTS. 


Case 1.—M. M., a stevedore, aged 27 years, was admitted into 
the National Hospital under the care-of Dr. Bastian on October 27, 
1897, complaining of numbness and loss of power in the legs and 
dysuria. He had always had the best of health previous ‘to this 
illness. He denied venereal disease, and no fact was elicited 
suggesting that he had had syphilis. He had never taken excess 
of alcohol. He had suffered from a winter cough for many years. ` 

Five months before admission he began to notice that his legs 
were numb and stiff, that he dragged his feet in walking, and 

‘caught his toes in the ground. A tight feeling -round the lower 
chest troubled him greatly at times. A few weeks later he be- 
came unsteady when walking in the dark, and fell into his basin 
on several occasions when washing himself. He was treated at 
the London Hospital, where his condition was described as one 
of spastic paraplegia with ataxy and much anesthesia of the legs. 
For three months before admission he had been losing bis memory, 
and had become dull mentally. 

Ten days before admission he became unable to stand or walk, 
and for the first time in his illness became unable to hold his 
urine. The legs which had been stiff till this time became quite 
flaccid. He had never had any shooting pains or ‘‘ crises.” 

When admitted he was a powerfully built, ruddy faced man. 
He was not anemic. Mental state dull and drowsy. Memory 
bad. Special senses normal. Pupils equal and reacted normally. 
Divergent strabismus due to weakness of the right internal rectus ; 
otherwise the cranial nerves were normal. Erectores spin® and. 
respiratory muscles normal. Great weakness of the lower half 
of the abdominal muscles, the umbilicus shifting upwards an inch 
on the attempt to sit up. All the movéments of the upper ex- 
tremities were very weak and were accompanied by tremulous 
incoordinate movements. The intrinsic hand muscles were 
wasted, and he could not approximate the thumb and little finger 
of either hand. There was marked hypotonia of the upper ex- 
tremities. The electrical reactions of the muscles were normal. 
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All movements of the lower extremities were performed feebly. 
The muscles were hypotonic, but were not wasted, and the elec- 
trical reactions were normal. When supported on either side he 
could just stand. The attempt to walk produced the most wildly 
incoordinate movements. There was complete loss of sensibility 
to all forms below the ninth dorsal root level and impairment to 
all forms as high as the fourth dorsal root level, and over both 

. hands and* the ulnar border of the left forearm. There was a 
‘marked girdle sensation immediately below the ensiform cartilage, 
and he complained of a constant heavy pain in the hepatic region. 
Reflex incontinence of urine with a considerable amount of resi- 
dual urine. Severe cystitis: Cranium and spine normal. 

Reflewes.— Wrist and elbow-jerks absent; knee-jerks only just 
obtained with double reinforcement; no foot clonus. Superficial 
reflex excitability of the lower limbs much increased, The plantar 
reflexes showed the extensor response. Some chronic bronchitis 
and emphysema. Temperature 101° F. No palpable enlarge- 
ment of the spleen. The other organs were examined and found 
healthy. 

A.few days after admission the knee-jerks were lost and were 
never again obtained. The legs rapidly became completely para- 
lysed. The muscles of the legs, forearms, and hands wasted 
rapidly, and their faradic excitability was lost early. Severe 
cedema, of the legs and trunk appeared and lasted about a month, 
subsequently disappearing. He was twice seized with an attack 

‚of fine clonic spasm in all four extremities, without loss of con- 
sciousness. The anesthesia became absolute everywhere below 
the sixth cervical root level. He became generally much 
emaciated, and died of asthenia on June 8, 1898. The blood 
examined two months before death showed hæmoglobin 25 per 
cent., BR.B.C.’s 1,500,000 per em. No nucleated red cells 
present. 

Duration. of illness—fifteen months; stage of slight ataxic 
paraplegia with ansesthesia—five months; stage of severe para- 

_plegia with + knee-jerks—-one month ; stage of flaccid paralysis 
‘with absent knee-jerks, wasting, loss of faradic excitability, and 
cedema-—nine months. 


Post-mortem Examination. 


The body was extremely wasted, the wasting being most 
marked about the lower extremities, which were fixed in a 
position of partial flexion at the hips and knee-joints. There 
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were several bedsores, both healed and open. There was an 
abscess in the left groin. Brain and membranes were normal. 
Spinal cord in external appearance was natural, but on section 
showed distinet selerosis of the posterior and lateral columns. 
Heart and pericardium were normal. Lungs showed some patchy 
pneumonia. Liver was natural. Spleen was enlarged and friable. 
Kidneys were both enlarged, and showed a condition of pyone- 
phrosis. Bladder showed evidence of chronic cystitis. 

In sections prepared by the Weigert-Pal method all that was 
obviously wrong with the medulla above the level of the posterior 
column nuclei was degeneration in both lateral regions in the area 
oceupied by the ventral cerebellar tract. More caudally there 
was, in addition to the degeneration in this situation, marked 
degeneration of the fibres of the posterior column nuclei and of 
the restiform body to a much slighter extent. Nothing obviously 
abnormal could be determined in the pyramids. In the upper 
cervical region there was complete degeneration of the posterior 
columns, the parts bounding the gray matter alone escaping. 
There was also marginal degeneration affecting the direct cere- 
bellar and posterior part of the afferent antero-lateral tract, 
encroaching slightly on the crossed pyramidal tracts. The 
ventral part of the cord was preserved, with the exception of a 
very slight symmetrical degeneration in a very limited area in the 
efferent antero-lateral tract area. Lower in the cervical region 
some more of the postero-external column was preserved, the 
degeneration being on the whole less intense in this tract than in 
the postero-internal. There was in addition marginal degenera- 
tion, which affected the whole of the periphery of the remaining 
parts of the cord, including the direct pyramidal down to the 
anterior commissure. The crossed pyramidal tracts were con- 
siderably encroached upon, while the degeneration was rather less 
marked in the position of the efferent antero-lateral tracts than 
elsewhere in the affected parts. The same topographical distri- 
bution of the degeneration obtained in the thoracic region, though 
the extent of the area affected was greater; a smaller unaffected 
boundary separated the gray matter from the degenerated parts 
in the lateral and ventral regions of the cord, so that the crossed 
pyramidal tracts, for instance, were wholly involved while the 
lateral limiting layer escaped. In the lumbar cord the degenera- 
tion was less extensive in distribution ; a considerable area in the 
antero-lateral region escaped, and there was no marginal degene- 
ration at this point. In the posterior columns the fibres of the 
efferent septo-marginal tracts were seen to be unaffected. In the 
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lower lumbar and sacral regions the ventral portion of the cord 
was quite normal, the degeneration being limited to the crossed 
pyramidal tracts. 

Sections prepared by the Marchi method | what was 
shown by the Weigert-Pal method, and added the following 
information :—In the medulla, scattered recently’ degenerate 
fibres existed in both pyramids, and the areas of degeneration 
were more &xtensive than would be supposed from a study of the 
sections prepared by the other method alone. The same applies 
to the cord, for recently degenerate fibres were seen in areas 
which otherwise appeared normal. This method made it clear 
that in the affected parts three zones existed—(1) of advanced 
change, in which there was thick-set sclerosis, and little if any 
recent degeneration ; (2) in which the bulk of the fibres was 
normal, but recently degenerate fibres were scattered throughout 

. them; (3) an intermediate zone, in which the marked feature 
was the large clear spaces from which the products of degenera- 
tion had escaped. Thickened septa separated these spaces and 
scattered recently degenerate fibres, fewer than in the better pre- - 
served parts and more than in the sclerosed parts, lay among 
them. 

The Nissl method revealed no abnormality in. the cells of the 
gray matter of the cord, nor in those of the posterior root ganglia, 
nor could any change be determined in ae parts by other 
methods of staining. 

The nerve to the vastus internus BEN wel very con- 
siderable degeneration both by the Marchi and Weigert-Pal 
methods ; by the Strebe method many normal axis-cylinders 
could be seen, but it was noted that the medullated sheath of the 
nerve also tended to take the blue stain in an irregular manner, 
and a similar appearance was seen in the nerves of dogs in whom 
recent degeneration had been experimentally induced. 

Muscles.—In the vastus internus there was extreme atrophy 
of the muscle-fibres, with a corresponding increase in the inter- 
stitial tissue between the fibres (plate v., fig. 1). There was also 
a considerable amount of fat within the individual muscle-fibres, 
and the transverse striation had disappeared from almost all, 
except a few of moderate size; but it is extraordinary to note 
how many apparently healthy well-medullated, nerve-fibres lie in 
an area of muscle which is absolutely degenerate. Some of the 
atrophied muscle-fibres measured only 004 mm., and even the 
largest measured only ‘036 mm. The finer intermusenlar nerve- 
fibres showed degeneration. 
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This case was examined also especially with. regard to the 
mugcle-spindle ; it was found that the spindle, not only when 
teased out but also on transverse section, appeared normal, 
except for the fact that the nerves did not in every case stain 
well; the striation of the muscle-fibres within the spindle was well 
preserved, and apart from somè fat within the fibres, they were 
normal, When stained by the Weigert:Pal method the nerve- 
bundles passing to the spindle stained badly, and cemparatively 
few fibres were seen within the spindle; when, however, we con- 
sider the advanced degeneration .of the muscle, the condition of 
‘the spindle was well preserved, although the nerve supplying it 
would seem to have undergone considerable degeneration. 


Case 2.—J. §., a police constable, aged 36 years, was admitted 
into the National Hospital, under the care of Dr. Ferrier, on 
January 4, 1899, complaining of numbness and loss of power in 
all four limbs and loss of control over the sphincters. 

His family history was unimportant. He had suffered with 
rheumatic fever and typhoid fever in childhood. He denied 
‘venereal disease. H& had never indulged in excess of alcohol. 
He had always enjoyed good-health, but had been much exposed. 
to the weather. f 

The history of the illness was as follows :—On September 14,’ 
_ 1898, while at drill, he suddenly felt faint, and on reaching home 
vomited and had severe headache, which lasted three days. At 
the end of this time, on getting out of bed one morning, his 
ankles gave way under him,-and from this time he suffered with 
a dull heavy pain in the loins and with a tight feeling round the 
stomach. The legs became numb and stiff, and he dragged them 
in walking. He was very ill generally, and frequently vomited. 

In November, 1898, he rapidly lost power of standing, and 
suffered with severe shooting pains in the legs. 

A ‘month later the legs became completely flaccid, and he lost 
control over the sphincters. He suffered greatly with dyspnea 
at this time. 

When admitted he was a well-built healthy-looking man, with 
a flushed face and a distressed expression. He lay in bed 
. breathing rapidly, and was unable to sit, stand, or walk. There 
was much soft cedema of the legs and trunk, and a large super- 
ficial sacral bedsore. ‘The temperature ranged between 99° F 
and 101° F. f 
' His mental state was intelligent. He was delirious at night. 
The special senses, optic discs, and cranial nerves were normal. 
The pupils were equal and reacted normally. 


SUBACUTE DEGENERATION OF THE SPINAL CORD 83 


The abdominal muscles, lower part of the erectores spine, and 
diaphragm were very weak, breathing being almost entirely. 
thoracic. 

The upper extremities were weak, but all movements could 
be performed against some resistance; no rigidity nor wasting. 
There was extreme incoordination and tabetic athetosis in both 
upper limbs. 

The lower extremities were completely flaccid, and hypotonus 
was extreme. He could just move all the joints of the legs, but 
not against the least resistance. All the muscles of the limbs 
responded normally to both faradism and galvanism. 

He complained of an intense heavy pain in the left hypo- 
chondriac region and of a broad girdle-sensation between the 
umbilicus and the ensiform process. Severe shooting pains in 
the legs. There was marked loss of sensibility to all forms 
below the twelfth dorsal root level, and generally ten seconds’ 
delay in the perception of severe painful stimuli. There was 
complete loss of.sense of passive movement in arms and legs. 
There was complete incontinence of sphincters, and there was 
cystitis. 

Reflexes —Wrist, elbow and knee-jerks absent; no foot 
clonus. Superficial reflex excitability of the lower limbs greatly 
” increased. Plantar reflexes showed extensor responses. 

Heart and lungs normal. Spleen not felt. No anæmia. 

After admission the lower extremities rapidly became com- 
pletely paralysed; the muscles wasted and lost their faradie 
excitability. The same event happened somewhat later in the 
hands and forearms. The diaphragm and lower intercostals 
became paralysed, and respiration became much embarrassed. 

The anesthesia gradually became complete, first over the 
sacral root areas and then step by step upwards till it reached the 
upper limit of the fourth dorsal root area. 

The muscular wasting increased, and the galvanic excitability 
became much reduced. The knee-jerks were always absent. 
The superficial reflex exeitability of the legs remained excessive, 
The extensor responses remained marked. 

The patient died of respiratory failure twenty days after 
admission. Blood count two days before death: hæmoglobin 
90 per cent.; red corpuscles 4,500,000 per c.mm.; no nucleated 
red cells. ; 

Duration of symptoms—four months; stage of slight ataxic 
paraplegia—nine weeks ; stage of severe palsy with rigidity—four 
weeks ; stage of flaceidity, wasting, loss of faradic excitability, 
absent knee-jerks, and complete anssthesia—three weeks. 
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Post-mortem Examination. 


The body was poorly nourished, the wasting of the lower 
extremities being out of all proportion to that of the rest of the 
body ; a bedsore was present over the sacrum. There was some 
patchy consolidation of the lungs. The spleen was enlarged, 
but the other organs of the body appeared healthy. The spinal 
cord, so far as its external surface was concerned, gppeared to 
be healthy, but on section degeneration in the posterior and 
lateral columns was apparent. 


Microscopical Hxamination. 


Cortex.—The cells of the cerebral cortex and the tangential 
fibres appeared normal; no degeneration could be seen by the 
Marchi method. The cerebellum and pons appeared perfectly 
normal, 

Medulia.—The upper portion of the medulla appeared per- 
fectly normal both by the Marchi and Weigert-Pal methods. At 
the level of the posterior column nuclei there was by the Marchi 
method degeneration in the funiculus gracilis and cuneatus and 
in the direct cerebellar tracts, but only a few degenerate fibres 
‚could be seen in the pyramids. By the Weigert-Pal method . 
degeneration could only be seen in the funiculus gracilis. 

Spinal cord.—The brunt of the disease had fallen on the mid- 
dorsal region, and had affected the posterior columns and the 
region occupied by the crossed pyramidal tracts more than the 
ventral region of the cord, although there were numerous 
patches of degeneration even in this area. In the cervical 
region the degeneration was limited to the posterior columns, 
the crossed pyramidal and the direct cerebellar tracts, and had 
left the ventral portion of the cord even less affected than in 
the dorsal region. The degeneration was much more scattered 
and patchy than in some of the other cases, and did not affect 
the whole periphery of the cord in the mid-dorsal region to 
so marked an extent. / 

By the Marchi method there was considerable degeneration 
both in the regions above described and also around them. There 
was considerable vacuolation in the mid-dorsal region of the cord, 
but the recent degeneration, as shown by the Marchi method, was 
most marked in the long tracts of the cord. 

By the Nissl method the cells of the anterior horn, although 
somewhat pigmented, appeared perfectly normal; the cells of 
Clarke’s column also were normal. 
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By van Gieson’s method there was considerable thickening 
of the walls of the vessels in those areas of the cord where, the . 
degeneration was most marked, while in the region of the cord 
where there was no change there was no engorgément or thicken- 
ing of the vessels. In the gray matter of the cord in the mid- | 
dorsal region the vessels appeared full and engorged, although 
there was no actual exudation round them. The posterior nerve- 
roots appeared normal. The cells of the posterior root ganglia 
also appeared normal but were considerably pigmented. The 
Marchi method showed no degeneration. 

Peripheral nerves.—By the Marchi method there was some 
degeneration in the left sciatic and left anterior crural nerves, and 
more in the left than the right phrenic nerve. . In the corres- 
ponding nerves of the right side the degeneration was equally 
marked, and by the Weigert-Pal method some atrophy of the 


. nerve fibres could be seen. 


Muscles.—The fibres of the left vastus internus muscle were 
fairly uniform in size, but were below the average of the normal 
muscle, measuring about ‘04mm. The transverse striation was 
well marked and there was no fatty change. The right vastus 
internus was in the same condition, the fibres measuring ‘04 mm. 
in diameter. The striation was well marked and there was no 
fatty change. 


Case 8.—S. D., a married woman aged 48 years, was admitted 
into the National Hospital under the care of Dr. Bastian on 
January 20, 1899, complaining of stiffness and numbness of the 
legs. 

Three years before admission she began to suffer with a 
tumour in the left loin, and two years later the left kidney was 
excised for pyonephrosis. She recovered completely from this 
operation. With this exception her health had always been good. 
Several facts were elicited suggesting that she had had syphilis. 
She had not taken excess of alcohol. 

Her illness began in September, 1898, when she first noticed 
weakness and stiffness and numbness in the legs. Shortly äfter- 
wards she fell downstairs, and subsequently had great difficulty 
in walking and had slight incontinence of urine. The legs 
gradually got worse and she became very pale. A girdle sensation 
appeared just above the umbilicus. 

When admitted she was a very anæmic, sallow-complexioned 
woman. She was well nourished. Her mental state was reduced 
and her memory was poor. Speech, articulation, special senses, 
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optic dises and cranial nerves were normal. The pupils were 
equal and reacted normally. The abdominal muscles below the 
umbilicus were very weak, and the umbilicus shifted upwards an 
‚inch in the attempt to sit up. All movements of the upper 
_ extremities were performed strongly. There was slight ataxy of 
the hands. All movements of the lower extremities were per- 
. formed very feebly and were very ataxic, The legs were slightly 
rigid at all joints. There was no wasting. There Was marked 
blunting of sensibility to all forms below the ninth dörsal root 
area. Complete loss of sense of passive position in fhe legs. 
She complained of shooting pains in the legs and of a girdle 
sensation just above the umbilicus. Slight incontinence of urine. 


Reflexes.—Wrist, elbow, and jaw-jerks were brisk. ‚Knee-. 
jerks exaggerated.’ Double foot clonus. Superficial reflex: 


excitability of the lower limbs much increased. Plantar reflexes 
_ were extensor responses. : 

Urine normal. Temperature ranged between 98°F. and 
102-5°F. The spleen could not be felt. There was a loud 
hemic murmur to be heard in the neck. No hemorrhages were 
found. ‘Blood count: Hemoglobin 20 per cent, R.B.C.’s 
1,800,000 per cm. Red cells all sizes and irregular in shape. 
No nucleated forms. Some Hichhorst’s cells seen. There was a 
marked lymphocyte leucocytosis and no hyaline cells were seen. 


A week after admission the legs became quite flaccid, the knee- ` 


jerks were lost, the anesthesia and incontinence became com- 
plete, the muscles began to waste and to lose their faradic 
excitability, and cedema of the legs and trunk appeared, the 
extensor plantar reflexes remaining. 

Under treatment with iron and arsenic the anemia ‘improved 
considerably, the hæmoglobin reaching as high as 50 per cent., 
but it, gradually fell again to 20 per cent. The œdema dis- 
appeared. The lower extremities became extremely wasted, the 
muscles entirely losing their excitability to faradism; the 
diaphragm became paralysed. . Bedsores developed. The patient 
“died suddenly of syncope five weeks after admission. 

Duration of illness—six months; stage of ataxic spastic para- 
plegia—four months; stage of flaccid paraplegia—two months. 


Post-mortem Examination. 


The ‘body was fat, the limbs were flaccid. The brain showed 
some shrinking of the convolutions on the right side about the 
‘upper part of the ascending: parietal convolution, but otherwise 
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was normal. The spinal cord was somewhat shrunken and firmer 
than normal, and on section showed changes in the posterior and 
lateral columns. There was some fluid in both plurw, and the 
bases of both lungs were considerably collapsed. The heart 
appeared normal. The liver was enlarged and weighed 60 ozs. 
Spleen was large and soft and weighed 12 ozs. The- left kidney 
was absent (removed by operation). The right weighed 8 ozs. 
and was covered by small raised nodules (septic infarcts). The 
bladder showed cystitis. The muscles of the lower extremity 
were pale, flabby, and very watery; the biceps cubitis was of 
normal appearance. 

Cortex.—Microscopical examination of the cerebral cortex both 
with regard to the cells, the medullated fibres, and the tangential 
fibres, showed no change in these structures. . 

Cerebellum and pons.—Both these appeared normal by the 
Weigert-Pal and Nissl methods, but by the Marchi method 
degenerate fibres could be seen in the ventral cerebellar tract 
and in the velum, but no other degeneration could be seen at this 
level. - 

Upper level of the medulla.—This region appeared normal by 
the Weigert-Pal method, but by the Marchi method degeneration 
could be seen in the restiform bodies and in the ventral cerebellar 
tracts, and there was also scattered degeneration throughout both 
pyramids. In the medulla the degeneration first became marked 
at the level of the posterior column nuclei by the Weigert-Pal 
method and was present in the pyramids, in the direct cerebellar 
tract, and in the funiculus gracilis and cuneatus. The same 
section stained by Marchi shows very considerable degeneration of 
a recent character in the direct cerebellar tracts and older change 
leading to vacuolation in the pyramids. 

Spinal cord.—By the Weigert-Pal method the degeneration 
was. most marked in the dorsal region of the cord, where it 
' affected almost the whole of the white matter except a small 
zone immediately surrounding the gray matter. The sclerosis 
was rather more marked in the crossed pyramidal tracts 
than in the other parts of the cord in tbis region. In the 
cervical region of the cord the degeneration was less extensive 
and was more patchy in distribution—for instance, there 
were numerous irregular patches of sclerosis in the region 
of the direct pyramidal tract, while the portions of the cord 
external to this were less affected. In the upper cervical region 
the destruction wa smost marked in the posterior columns and 
in the cerebellar tracts. Passing then to the lower dorsal and 
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lumbar region, it was found that there was some affection of the 

. posterior columns down to the lower lumbar region, but the 
sacral was quite free. There was degeneration corresponding to 
` the crossed pyramidal tracts in the lower dorsal, lumbar and 
sacral regions, and in the latter region it was the only degenera- 
tion present. By the Marchi method all the features as above 
described were present, but it was very striking how little recent 
degeneration, as evidenced by the presence of fat granules, was 
present, while the vacuolation and sclerosis of the cord were 
marked features, and it was only in the areas that appeared 
normal by the Weigert-Pal method that any number of recently 
degenerated fibres could be seen. The gray matter of the cord 
and the cells of the anterior horn and the cells of Clarke’s column 
appeared normal. It could not be positively asserted that there 
was no change, nor that there was no diminution in the number 
of the cells of the anterior horns, but it could be asserted that 
there were numerous perfectly normal cells in the anterior horns 
in every region of the cord. 

Sections stained by van Gieson’s method showed that there 
was no inflammatory condition in the gray matter. In the areas 
in which the sclerosis of the cord was most marked the vessels 
_ were full and engorged and their walls were thickened, but there 

was no evidence of thrombosis, and in the normal regions of the 
cord the vessels were neither dilated nor thickened. There was 
no change in the pia-arachnoid membranes of the cord. 

‘Anterior nerve-roots appeared normal both by the Weigert-Pal 
and by the Marchi method. The posterior nerve-roots also 
appeared normal by both methods. 

Posterior root ganglia—No change could be found in these 
either by the Nissl or Marchi methods. The cells were, however, 
extensively pigmented. 

Peripheral nerves—No change could be found in any of the 
following peripheral nerves which were examined by the Marchi 
and Weigert-Pal methods—right and left sciatic, median, anterior 
crural, and phrenics. 

‘Muscles.—Right rectus femoris: The fibres of this muscle 
varied very greatly in size, the largest measuring only ‘04 mm. in 

. diameter and the average less than ‘02 mm. The striation was 
well preserved. Left vastus internus: The description given 
above of the right rectus femoris will apply to this muscle. There 
was no fatty change within the muscle fibre. Right biceps: The 
fibres of this muscle were much less atrophied than those above 
described and were far more uniform in size. 
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Case 4.—M. D., a married woman, aged 39 years, was 
admitted into the National Hospital, under the care of Dr. 
Bastian, on August 16, 1899, complaining of general loss of 
strength and anæmia of two years’ duration and of loss of power 
and feeling in the legs of six weeks’ duration. Until this illness 
her health had.always been good. No facts were elicited sug- 
gesting that she had had syphilis. She had indulged freely in 
alcohol. She lived in the same street as the patient S. D., in 
Case 3 just described. 

‚Two years before admission, without any assignable cause, 
she lost her strength, and became very pale and breathless. Her 
medical attendant found that she was suffering from severe 
angmia and irregülar pyrexia. She remained confined to bed 
for six months, and then slowly got better, but never regained 
her original strength. 

Three months before admission she first noticed numbness, 
weakness, and unsteadiness in the legs. These symptoms 
increased, but she was able to get about and to do her house- 
work till a week before admission. During this time she had 
severe shooting-pains in the legs and had a constant heavy pain 
beneath the left costal margin, and a girdle’ sensation just below 
the ensiform process. 

A week before admission she became unable to sands the legs 
and hands became very numb; she had incontinence of urine, 
cedema of the legs, and several fainting attacks. The legs at this 
time became very stiff. g i 

When admitted she was a well-nourished woman. The skin 
was very pale and sallow. Her mental state was one of extreme 
exhaustion, and she was delirious at night. Temperature from 
98° F. to 101° F. Speech, articulation, special senses, optic discs, 
and cranial nerves were normal. The pupils were equal, and 
reacted normally. The abdominal muscles and lower part of the 
erectores spins were very weak. She could not sit up in bed or 
.maintain the sitting posture when raised. The movements of 
the upper extremities were feeble, and there was marked inco- 
ordination. There. was some fine tremor of the fingers. The 
lower extremities were flaccid, and all movements were extremely 
feeble; great incoordination and marked hypotonia; some general 
wasting. All the muscles of the lower extremities showed great. 
diminution of excitability to faradism and galvanism ; A. O. C. > 
K. C. C. .She complained of occasional shooting-pains in the legs 
and of a severe dull pain beneath the left costal margin. There 
was a tight $irdle sensation at the level of the ensiform process. 
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There was distinct diminution of sensibility to, all forms, evenly 
distributed below the fourth dorsal root level and over the eighth 
cervical and first dorsal root areas. There was complete loss of 
. sense of passive position in the lower extremities, and marked loss 
in the hands. There was reflex incontinence of both sphincters. 
Reflexes.—Wrist, elbow, and knee-jerks absent. The plantar 
‘reflexes showed the extensor response. The superficial reflex 
excitability of the lower limbs was much exaggeratéd. , 
| _Heart.—-There was a soft apical systolic murmur and a loud 
venous hum in the neck. The pulse was regular and of low ten- 
sion. - Blood count, August 20: Hemoglobin, 56 per centy; red 
blood cells, 4,000,000 per em.; no poikilocystosis; no nucleated 
red cells; a few Hichhorst’s cells; white cells normal. There 
were no haemorrhages. She was treated with arsenic, strychnine, 
“and iron. 


- On August 21 she had a syncopal attack, and in the course of ` 


the next half-hour the right upper extremity became very cedema- 
tous as high as midway between the elbow and shoulder. Four 
hours later the edema of the arm had completely disappeared. 

She left the hospital against advice on August 24, but was 
readmitted on September 16 profoundly anemic and with a large 
sacral bedsore. 

Blood count on October 2: Hemoglobin, under 20 per cent. ; 
red blood cells, 800,000 per cm.; marked poikilocystosis ; no 
nucleated red blood cells ; no Hichhorst’s cells ; ratio of white cells 
to red, 1 to 40. There was: marked increase in the number of 
lymphocytes. No coarse oxyphile or hyaline cells were seen 
‚In stained specimens. 

’ There was then marked cedema of the lower extremities and 
‚of. the hands. The upper extremities were almost- completely 
paralysed, and the muscles only reacted to strong faradie stimu- 
lation. There was complete flaccid palsy, with great wasting, loss 
of faradie excitability, and polar change in the muscles of the 
‘lower extremities. There was almost complete anesthesia to all 
forms below the seventh cervical root area, and absolute anss- 
-thesia below the fourth dorsal root level. There was complete 
incontinence of both sphincters. The deep reflexes were absent ; 
the plantar reflexes were still extensor responses. She was 
constantly delirious; the temperature remained above normal ; 
- and.she died of respiratory failure on October 19. 
Duration of illness: Ansmia—two years; nervous symptoms 
—five months; stage of spastic paraplegia—ten weeks. ; ; stage of 
flaccid paraplegia—ten weeks. ~- 
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Post-mortem Examination, 


Body well nourished and fat; the limbs were flaccid. There 
was a bedsore over the sacrum. The brain was normal; the 
spinal cord appeared normal on its external surface, but on sec- 
tion showed degeneration of the lateral and posterior columns. 
The heart was flabby and appeared fatty, but the valves were 
normal. The lungs were very oedematous. The liver was large, 
weighed 67*ozs., and was friable and fatty. On testing it for free 
iron a reaction developed which was inconclusive, but subsequent 
microscopical examination showed that none was present. The 
spleen weighed 16 ozs., and was diffluent. The kidneys were 
slightly granular, but were otherwise normal. The bladder ap- 
peared fairly normal. The bone marrow of the femur was of a 
dark red colour, almost diffluent, and very like the spleen in con- 
sistency. The muscles were pale, flabby, and very watery. 


Microscopical Examination. 


Cortex cerebrii—This was normal both as regards the cells, 
medullated fibres, tangential fibres, and the Marchi method re- 
vealed no degeneration. Cerebellum and pons appeared normal. 

Medulla.—The upper portion of the medulla appeared normal 
by the Weigert-Pal method. By the Marchi method, however, 
degenerated fibres could be seen in both direct cerebellar tracts 
and in the restiform bodies. At the level of the decussation there 
was considerable degeneration in both cerebellar tracts, in both 
the funiculus gracilis and cuneatus, and in the pyramids, as shown 
both by the Marchi and Weigert-Pal methods. 

Spinal cord.—By the Weigert-Pal method there was degenera- 
tion of the posterior columns from the lumbar to the cervical 
region ; the destruction was most marked in the dorsal region, 
somewhat less in the cervical, still less in the lumbar, while the 
sacral region escaped altogether. The areas of degeneration were 
rather patchy, but in the cervical region the degeneration was 
more marked in the column of Goll than in the column of Bur- 
dach. There was degeneration in both lateral columns of the 
cord especially marked in the peripheral portions of the cord in 
dorsal region. The degeneration in the pyramids could be traced 
from the cervical to the sacral region, but below the mid-dorsal 
region it assumed the character of a descending degeneration. 
The direct cerebellar tract was degenerated, and could be traced 
up to the restiform body. The fibres in immediate relation with 
the gray matter appeared fairly normal. The recent degeneration 


f 


\ 
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as shown by the Marchi method: was very slight, and the areas 


‘which showed. most fatty granules were those belonging to the 
` long thacts of the cord. The cells of the anterior horn were some- 


what pigmented, but otherwise appeared normal; and the cells of 
Clarke’ s columns also were normal. 

` Vessels.—In the regions of the cord where the sclerosis was 
most marked there was thickening of the walls of the vessels | 
which affected chiefly the middle coat. In the normal gortions of 


- the cord the vessels appeared normal. 


p 


Posterior roots.—These appeared perfectly normal. l 

Posterior root ganglia.—The cells of these ganglia were well 
formed añd appeared normal, though there was Eauler a large 
amount of pigment present. 

` Peripheral nerves.—-The following nerves were examined and 
appeared normal :—The right anterior crural and the branch to 
the right vastus internus muscle, the nerve to the left rectus 
femoris, and the left sciatic. 

Muscles —The muscle fibres of the right vastus internus were 


considerably atrophied, the average diameter being somewhat 
under ‘04 mm.; there was no fatty. change within the muscle 
. fibres, and the striation was well marked. The muscle fibres of 


the left rectus femoris were of irregular size, and averaged about 
032 mm. in diameter, and the striation was well marked. 

_ Laver.—No free iron could be detected ın the liver. There 
was a good deal of fat, but not more than is often found in the 
livers of persons dying of wasting diseases. - 

Kidneys.—These appeared normal, 


Case, ö5.—E. F., a married woman aged 49 years, was admitted 
into the National Hospital under the care of Dr. Hughlings Jackson 


on December 23, 1898, complaining of loss of power in both legs, 


sphincter trouble and bedsores. 

‘ The family history was unimportant. Previous to this illness 
her health had been good; there was no history of syphilis and - 
she had. always been most abstemious as regards alcohol. 

The -history of the illness was as follows:—A year before 
admission the legs became numb and weak and were easily tired. - 
Soon after she dragged the legs in walking and was unsteady 
when standing, and had occasional diplopia. For ten months she 
remained able to do her ‘work, but at the end of this time she 
rapidly became quite unable to stand, and had severe shooting 
pains in the legs. 

A month before admission the legs, which up to this time had. 
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been stiff, became quite flaccid, she completely lost control of the 
sphincters and developed œdema of the legs and trunk, and a large 
bedsore made its appearance. 

When admitted she was a well-nourished, healthy-looking 
woman. She was not in the least anæmic. She was quite unable 
to move the legs and trunk, she-was completely incontinent, and 
there was a large sacral bedsore. She had severe cystitis, and 
the temperature was 102° F. By day.she was ‘mentally clear, but 
at night there was noisy restless delirium. Speech, articulation, 
special senses and optic dises were normal. The pupils were 
equal and reacted normally. There was marked weakness of both 
external recti. The abdominal muscles were completely paralysed 
below the umbilicus, The upper extremities were slightly tremu- 
lous, but were otherwise normal. There. was complete flaccid 
palsy of the lower extremities. All the muscles ‘were much 
_ wasted. None of the muscles of the lower extremities reacted to 
faradism and the reaction to galvanism was very feeble. There 
was absolute loss of sensibility to all forms below the first lumbar 
root level, and marked impairment to all forms as high as the 
tenth dorsal root level. There was complete loss of sense -of 
passive position in the lower extremities and some impairment in 
the hands and fingers. There were some trophic changes in the 
skin’ of the feet. There. was complete incontinence of both 
sphincters and severe hemorrhagic cystitis. s 

Reflexes.—The wrist and elbow-jerks were exaggerated. The 
knee-jerks were totally absent ; ‘there was no foot elonus, but two. 
months before admission she had been seen by Dr. Tooth, and he 
had made a note that at that time the knee-jerks were exaggerated 
and that there was double foot clonus. There was much soft 
œdema of the legs and lower part of the trunk. The spleen was 
not palpably enlarged. There was no anemia. The other organs 
were examined and found healthy. She died comatose thirteen 
days after admission. 

Duration of symptoms—thirteen months; stage of slight 
ataxic paraplegia—ten months; stage of severe paraplegia—one 
month ; stage of flaccid paraplegia, absent knee-jerks and cedema, 
—six weeks. 


Post-mortem Examination. 


Body well nourished, excess of adipose tissue, bedsore over’ 
sacrum. All the organs of the body appeared normal except the 
spinal cord, which showed on section distinct changes in the pos- 
terior, antero-lateral and anterior columns. 
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Microscopical Examination. 


“Cerebral cortex appeared normal both as regards its cells and 
‘the tangential fibres, and no degeneration could be seen by the 
Marchi method. Cerebellum was normal. 

Pons.—There were scattered degenerate fibres in both pyra- 
mids in the pons and in the superior cerebellar peduncles. By 
__ the Weigert-Pal method the pons appeared normal. 

_ Medulla.—There were scattered degenerate fibres” throughout 
both pyramids and both restiform bodies as seen by the Marchi 
method. iv 

Lower level of the medulla.—Degeneration of both direct cere- 
bellar tracts was most marked, there was scattered degeneration . 
in both pyramids and also in the funiculus gracilis and funiculus 
cuneatus, but more marked in the former than in the latter. By 
the Weigert-Pal method some change could be seen in the direct 
cerebellar tracts and in the posterior columns, but the pyramids 
appeared normal. 

_ Spinal cord. —By the Weigert-Pal method the degeneration 
was most marked in the dorsal region of the cord, affecting the 
posterior and crossed pyramidal tracts to the greatest extent, 
_ leaving the ventral portion less affected. In the cervical region 
the posterior columns were more affected than the lateral, while in 
the lumbar region the lateral columns were more affected than the 
posterior. - The process in this case would seem to-be much less 
destructive than in some of the other cases, there being more 
recent degeneration and more sclerosis, but less vacuolation ; the 
distribution of the degeneration is, however, the same. By the 
Marchi method there was in the cervical region marked degenera- 
tion in the posterior columns, especially in Burdach ; the columns 
‘of Goll were so selerosed that they showed little recent degenera- 
tion. . Degeneration was also present in the pyramidal and direct 
cerebellar tracts, and in a few fibres in the ventral columns of the 
cord, while in the lumbar region some degenerate fibres could also 
be seen in the posterior column and in the ventral region of the 
cord. In the sacral region there was degeneration in the crossed 
pyramidal tracts alone. 

Van Gieson’s method: The gray matter appeared normal. 
The vessels in the affected areas were thickened and engorged, but 
were not thrombosed ; in the unaffected areas 8 of the cord they 
_ appeared normal. 

Nissl method: The cells of the cervical and dorsal region of 
the cord were possibly fewer in number than normal, but those 
remaining were well stained and appeared normal. The cells in 
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the lumbar region appeared perfectly normal. The cells were 
‘considerably pigmented. 

‘Peripheral nerves.—The following peripheral nerves were 
examined and were found to be perfectly normal both by the 
Marchi and Weigert-Pal methods—the right and left sciatic, left 
anterior tibial, the nerves to the right and left vastus internus 

_muscles, and the nerves to the right and left. vastus externus 
muscles. e 

Muscles.—Right rectus femoris: The fibres of this muscle are 
somewhat atrophic, averaging about ‘04mm. in diameter; they are 
well striated and show but slight fatty change within the fibres. 
Right vastus externus muscle: The fibres vary greatly in size, 
having a rounded instead of polygonal outline; there were several 
degenerate fibres scattered throughout the muscle, which showed 
black granules when stained by osmic acid; these fibres are not 
numerous, and are always of small size, ‘02—03mm. Right 
vastus internus muscle exhibited the same condition as the above 
two muscles. It is very noticeable, however, how few nerve-fibres 
there are in the muscle tissue when stained by Pal’s method when 
compared to the normal. When, on the other hand, one compares 
the condition with that found in case No. 1, in which, in spite of 
the extreme atrophy of the muscle, the nerve-fibres are well pre- - 
served, one cannot but think that the absence of nerve-fibre in this 
portion of the muscle is a fortuitous condition. 

Case 6.—Ruth M., aged 45 years, was admitted into the 
National Hospital under the care of Dr. Hughlings Jackson on 
June 30, 1897, complaining of paralysis of the legs and sphincter 
trouble. There was a history of epilepsy, cancer, and of phthisis 
in the family. She had been a strong, healthy woman, and she 
had probably had syphilis. She had been addicted to alcohol. 
A very incomplete history of the illness was obtained owing to 
the patient’s mental state and the absence of any friends who 
were in a position to give a detailed history. 

Her illness dated from six weeks before admission, when she 
began to complain of numbness of the hands and feet, stiffness of 
the legs, and difficulty in walking. 

A fortnight later she became unable to stand, developed a 
girdle sensation and sphincter trouble. She had frequent faint- 
ing attacks, and several attacks of general ee in which 
she lost consciousness and passed urine. 

When admitted she was a poorly nourished woman, unable to 
stand or walk. There was some mental obfuscation. Speech, 
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special senses, optic dises, and cranial nerves were normal. The 
pupils were irregular, and there were anterior synechis in both 
eyes. The upper extremities showed some slight incoordination, 
but were otherwise normal. The respiratory muscles and erec- 
tores spine were normal; the lower half of the abdominal 
muscles were weak. Both lower limbs were rigidly extended 
and were completely paralysed. There was diminution of sensi- 
bility to all forms below the ninth dorsal root level,and a tight 
girdle sensation at this level. There was distension of the bladder 
with overflow. 

Reflexes.—Wrist and elbow-jerks increased ; knee-jerks exag- 
gerated. Double foot clonus. Superficial reflex excitability in- 
ereased in ‘the legs. Plantar reflexes brisk. Marked anemia. 
Blood not examined. Liver and spleen not palpably enlarged. 

After admission the temperature remained above 101° F. She 
was constantly delirious. The legs became flaccid, the knee- 
jerks .disappeared, and slight oedema of the lower extremities - 
appeared. The anesthesia became absolute, the sphincters 
completely incontinent, and she died much emaciated seven 
weeks after admission. 

Duration of illness—fourteen weeks; stage of spasticity— 
. eleven weeks; stage of flaccidity—three weeks. 

Body much emaciated’ Brain: the convolutions were some- 
what shrunken and there was slight compensatory œdema, other- 
wise normal. Spinal cord was normal to external appearances, 
but on section showed sclerosis of the posterior and lateral columns. 
The heart was natural. The lungs were edematous. Liver’ was 
large and firm, and there was evidence of old perihepatitis. The 
kidneys were normal. 


Microscopical Examination. 


Sections of the medulla and spinal cord showed by the Weigert- 
Pal method that at the level of the pyramidal decussation there 
was extensive degeneration of the fibres of the posterior column 
nuclei and of the lateral region of the medulla in the area oceu- 
pied by the cerebellar tracts, in addition to which there were two 
small areas symmetrically placed in the antero-lateral region of 
the medulla. Moreover, a patchy degeneration was evident in 
the pyramidal fibres at the decussation. The upper cervical cord 
was the seat of complete degeneration of the posterior columns 
except the part bordering on the gray matter. There was exten- 
sive degeneration of the lateral columns, but the ventral portion 
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. of the cord was preserved. In the lower cervical cord a similar 
condition was present but to a less marked degree, in the dorsal 
portion of the posterior external column, while the lateral column 
degeneration was more extensive, and there was here patchy 
degeneration in the region of the direct cerebellar tracts, though 
not confined to these. In the thoracic cord the posterior de- 
generation was as extensive as in the upper cervical region, and 
in the latergl areas of the cord more extensive than at the higher 
levels, as was also the degeneration of the direct pyramidal tracts, 
which obviously extended beyond the strict limits of these. The 
only parts of white matter preserved were those bordering on the 
gray. In the lower thoracic region some fibres in Goll’s column 
were preserved, and there was less extensive degeneration in the 
ventral parts of the cord. In the lumbar region there was no 
degeneration in Goll’s column, but some in Burdach, especially in 
the peripheral portion, while the whole of the ventral portion of 
the cord was preserved. 

The Marchi method revealed scattered degenerated fibres in 
the pyramids, in the lateral region of the medulla in the parts 
occupied by the cerebellar tracts, and also in the restiform body, but 
not confined to the area normally occupied by these tracts. There 
were degenerate fibres in the posterior column nuclei. The con- 
dition found in the spinal cord confirmed the findings by the 

_ Weigert-Pal method. The great feature of the Marchi specimens 
was not so much the bringing into evidence of recently degene- 
rated fibres, of which there are comparatively few, but the making 
evident of spaces by the falling out or absorption of the destroyed 
fibres. Fibres that still stain black are seen in the less affected 
parts, e.g., in the white matter bordering on the gray. The parts 
of the cord most destroyed were the postero-lateral and ventral, 
the part between these two areas in the antero-lateral region 
being less affected. In the upper sacral region there was some 
falling out of the fibres in the neighbourhood of the ground 
bundles, but there were scarcely any black fibres. In the lower 
sacral region no change was found except a few black fibres on 
each side of the posterior median septum. No descending de- 
generation was evident, in spite of the lateral columns being 
extensively destroyed in the lumbar region of the cord. 


Case 7.—S. W., aged 38 years, was admitted into the National 
Hospital, under the care of Dr. Bastian, on November 23, 1899, 
complaining of paralysis and numbness of the legs, swelling of the 
legs, and loss of control over the sphincters. There was a strong 
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family history of tubercular disease. He had been a strong 
healthy man. He had had syphilis when 22 years old, and had 
been a heavy beer drinker. A year before this illness commenced 
he suffered with inflammation of the bladder. , 

Three years before admission he caught a chill, and directly 
afterwards noticed that his feet felt numb and stiff. During the 


next two years the numbness gradually crept up the legs and 


invaded the trunk, and he was unsteady and dragged his legs 
in walking, but he kept at his work without much difficulty. 

Six months before admission he suffered with severe shooting- 
pains in the legs. His legs became very stiff, and he became 
much more unsteady, could not walk in the dark, and fell into 
his basin when washing. At this time he was a patient at 
Charing Cross Hospital, where the presence of double foot clonus 
and increased knee-jerks was noticed. 

He remained in this condition without the development of 
further symptoms till six weeks before admission, when in the 
course of a few hours he became unable to stand, and for the first 
time during his illness lost control of the sphincters; this loss 
remained complete. The loss of sensibility of the legs and trunk 
became much more severe; he became very pale in the face, and 
cedema of the legs appeared. He developed cystitis, and became 
delirious at night. 2 

When admitted he was a pale, sallow-faced, sparely-nourished 
man. The skin had a waxy-yellow appearance. He lay on his 
back in bed, unable to move the legs or trunk. He was delirious 
at night, and his temperature was 102°5°. He had severe cystitis 
and much hemorrhage from the bladder. His mental state was 
facile, and he had varied delusions. On two occasions he had an 
attack of general convulsions lasting ten minutes, during which 
time he was comatose. The special senses and cranial nerves 
were normal. The retinal fundi were yellow in colour, and there 
were a few small hemorrhages. The pupils were small and 
equal; they reacted normally. The erectores spine and abdo- 
minal muscles did not contract on attempting to sit up or on 
the attempt to move the trunk. The lower intercostals moved 
badly in respiration; the diaphragm acted well. All movements 
of the upper extremities were performed feebly and with marked 
ataxy. The weakness was more marked in the periphery and 
the intrinsic muscles of the hands, and the ulnar flexors were 
markedly wasted. In these muscles faradic excitability was much 
diminished ; to galvanism, K. ©. C. > A.C. C. There was abso- 


lute paralysis of the lower extremities, with slight flexor and 
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adductor spasm. There was some rigidity at all joints, but the 
muscles hung loosely on the bones and were flabby. There was 
no wasting. There was some diminution to faradism below the 
knees. There was a severe girdle pain round the lower part of 
the chest and some shooting pains in the legs. There was 
complete analgesia to all forms of moderate stimuli from the 
upper limit of ‘the first lumbar, root distribution. Light touches 
and pricks were not felt below the fifth dorsal root level. There 
was complete loss of sense of passive position in the lower 
extremities and marked loss in the joints of fingers-and hands. 
Absolute incontinence of both sphincters. Severe cystitis. 
Cranium and spine normal. Severe-bedsore on left hip. The 
knee-jerks were exaggerated ; no foot clonus; wrist and elbow- 
jerks brisk. The plantar reflexes were brisk extensor responses, 
and there was some dorsal retraction of the great toes. The reflex 
excitability of the lower extremities was greatly exaggerated. 
There was marked breathlessness on slight exertion; loud basic 
systolic murmur and bruit de diable. Pulse, very low tension. 
Blood count : Haemoglobin, 30 per cent.; red blood cells, 1,600,000 
per cm.; white blood cells; a marked lymphocyte leucocytosis ; 
very few hyaline cells seen; all other normal forms seen; no 
poikiloeytosis; no microblasts, normablasts, and no giganto- 
blasts ; no Hichhorst’s cells found. There was no palpable enlarge- 
ment of the spleen or of the lymphatic glands. No wdema was 
present at the time of-admission. No abnormality was found in 
the other organs. 

During the first week after admission the clinical picture 
changed remarkably ; the deep reflexes disappeared, and were 
never again obtained. The-spastic condition of the lower limbs 
gave place to one of complete flaccidity. The muscles of the 
legs and hands wasted rapidly and lost their faradic excitability 
within a few days. The excitability to galvanism and to per- 
cussion were almost abolished. Much soft cedema of the legs 
and back appeared, and lasted about three weeks. A heavy 
constant pain was complained of in the left hypochrondriae 
region. The cystitis was soon cured with appropriate treatment, 
and the bedsore healed. Following a severe attack of pain in 
the left side, a cutaneous hemorrhage, precisely limited to the 
area of distribution of the seventh left dorsal ‚root, appeared with 
two smaller patches over the tenth and eleventh left dorsal root 
areas. Trophie changes in the skin, similar to’ those seen in 
neuritis, occurred in the four extremities. The wasting of the 
muscles was progressive, and the diaphragm became paralysed. 
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The plantar reflexes constantly were extensor responses, and the. 
superficial reflex excitability of the lower limbs remained excessive. 
Death oceurred from exhaustion. Bar 


Post-mortem Examination. 


The body was ‘extremely thin and wasted, there was a 
sloughing bedsore over thé sacrum, and the scar from an old’ 
hemorrhage in the area corresponding to the seventh thoracic root - 
of the left side. The skull and membranes of the brain were 
normal. The convolutions of the brain appeared normal, and the 
cranial nerves and the vessels were natural. 

_ Spinal cord.—There was some purulent exudation on the 
outer surface of the dura mater in the lower part of the spinal 
canal arising from the bedsore over the sacrum. The external 
appearance of the cord was natural, there was no wasting, and 
the anterior and posterior roots appeared of normal size. There 
was no meningitis or thickening of the pia-arachnoid. On section 
the gray areas of degeneration were distinctly visible. The lungs 
were healthy except for some œdema at the bases. The heart 
was normal. The diaphragm was natural. The liver was 
slightly enlarged and gave no free iron reaction. The spleen was 
enlarged, soft and pulpy. The kidneys showed considerable 

_ pyelitis, and the infective infarcts were more numerous in the 
right than in the left. The bladder contained some purulent 

_urine, and showed a ‘condition of chronic cystitis. ‘The ‘bone 
marrow of the right femur was examined and appeared pale and 
of normal consistence. The muscles were wasted, but were not 
very pale nor cedematous. The right sciatic nerve was evidently 

` very fatty. The posterior root ganglia appeared normal to the 

naked eye except the seventh left dorsal, and on making an 
incision into this, after it had been hardened in formalin it 

. was found to contain a small cyst measuring about 3 mm. in 

diameter, and this contained a little clear fluid, 


Microscopical Examination. 


By the Weigert-Pal method the cortex appeared normal, the 
tangential fibres were well stained, the pons and upper levels of 
the medulla also appeared normal. In sections taken through 
the lower portion of the olive some change could be seen in the 
pyramidal tracts, and there-was considerable vacuolation in this 
area; the direct cerebellar tract was similarly affected. In 
sections below the level of the posterior column nuclei degenera- 
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-tion could be seen in the funiculus gracilis and funiculus cuneatus, 

the direct cerebellar tract, and in both pyramids. At the level of 
the decussation of the pyramids there was marked degeneration 
of the posterior columns, both internal and external, and also of 
the direct cerebellar tracts; both pyramids were also markedly 
affected. In the upper cervical region there was extensive 
sclerosis of the posterior columns, the direct cerebellar tract, and 
also very considerable affection of the pyramids, but though most 
_ marked in these is not limited to them. The nearer the sections 
examined to the mid-dorsal region the more extensive was the 
sclerosis, and it was no longer limited to the tracts above- 
mentioned but affected the whole of the periphery of the cord, 
leaving the gray matter and a small band of medullated fibres 
that immediately surrounded it alone normal. At the level of the 
twelfth dorsal the posterior columns were still markedly affected, 
but there was less degeneration in the ventral portion of the 
antero-lateral tracts, the degeneration of the pyramids was still 
marked. In the lumbar region the posterior columns still showed 
considerable degeneration, and there was degeneration both in the 
region of the direct and crossed pyramidal tracts, although it was 
not strictly limited to the tracts. 

Marchi meihod.—In the cortex there were a few degenerate 
fibres in the white matter, and these could be traced down into 
the erura, being rather more numerous on the one side than the 
other. In the pons degenerate fibres could be seen in both 
pyramids and in the ventral cerebellar tract, and in addition to 
this there was a small area of softening with degenerate fibres just 
ventral to the posterior longitudinal bundle. In sections taken 
through the upper part of the medulla, scattered degenerate fibres 
could be seen in the pyramidal tracts, and in the direct cerebellar 
tracts these were more numerous and could be seen passing into 
' the restiform bodies. Scattered degenerate fibres could also be 
seen in the region of the posterior column nuclei. In sections 
taken through the medulla at a lower level, scattered degenerate 
fibres could be seen in both pyramids, the direct cerebellar tract, 
and in the funiculus cuneatus, the degeneration being more marked 
in the last-named tract than in either of the other two. Very few 
recently-degenerate fibres could be seen in the funiculus gracilis, 
owing to it being extensively selerosed. At the level of the decus- 
sation the same features as described in the above section were 
present. In the cervical region of the cord the recently-degene- 
yate fibres were more scattered, and did not form such definite 
_ tracts as in the sections at higher levels. In the dorsal region 
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there was considerable degeneration all round the periphery of 
the cord, and the portions where the degeneration was of longest 
standing, viz., the columns of Goll, and the crossed pyramidal 
tracts showed fewer recently-degenerate fibres than the other 
portions of the cord. In the upper lumbar region the degenera- 
tion again became less, being most marked in the posterior 
columns and in the ventral region of the cord that lies on either 
side of the median fissure. In the sacral region the vacuolation, 
which had been a marked feature through the cervical and 
dorsal regions, had disappeared from all parts of the cord except 
the posterior columns, where it was still present to a slight 
degree ; recently-degenerate fibres were still present both in 
the posterior and ventral region of the cord. In the coccygeal 
region a few degenerate fibres could be seen in the posterior 
columns at the most dorsal portion on either side of the 
median fissure. 

Nissl method.—The cells of the cortex, pons, or medulla 
appeared for the most part normal; there were fairly numerous 
healthy cells in every region of the cord, but in the lumbar 
region, although they have a good nucleus and nucleolus, the 
cells were somewhat swollen and the chromophilic substance 
rather finely granular. Some of the cells were pigmented, but 
not to a marked degree. It is probable that there was some 
diminution in the number of cells in the anterior horn, The 
cells of Clarke’s column were few in number, stained badly, and 
were markedly pigmented. 

Van Gieson’s method.—Sections stained by the above method 
taken at various levels in the medulla and spinal cord were 
examined with regard to the condition of the vessels and mem- 
branes. With regard to the latter no thickening could be found 
in any region of the cord; the vessels in the pia arachnoid were 
in some parts distended with blood, but there was no evidence 
either of recent or of old thrombosis. With regard to the vessels 
within the cord in those portions which were most:affected, the 
vessels were often engorged, but there was no thickening of the 
_ walls or evidence of thrombosis, There was no small cell infil- 

tration around the degenerate areas, whether recent or old. 

Peripheral nerves.—The right sciatic showed marked degenera- 
tion by the Weigert-Pal method, more than one-half of its fibres 
having undergone degeneration. The same feature was apparent 
by the Marchi method, but the number of recently degenerate 
fibres was small, although in one bundle this was fairly marked. 
The right anterior crural nerve was very much better preserved 
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than the sciatic, comparatively little degeneration being visible by 
the Weigert-Pal method. By the Marchi method, however, 
although there was practically no recent degeneration the spacing 
of the fibres showed that a considerable number of fibres must 
have undergone atrophy. The right phrenic nerve appeared 
normal both to the Weigert-Pal and to the Marchi method. 

Posterior root ganglion.—The cells of the posterior root gan- 
glion were for the most part normal, although here again some 
were considerably pigmented, and others were shrivelled. The 
seventh left thoracic posterior root ganglion showed on section a 
small cyst measuring 3 mm. in diameter and filled with a clear 
fluid (plate ix., fig. 2). The walls of this cyst were laminated, 
the inner layer being formed of fine connective tissue and the 
outer layers of more closely packed fibrous tissue. Many of the 
cells of the ganglion appeared atrophied and pigmented, others, 
however, were normal. There was an increase of connective 
tissue between the cells. The anterior and posterior roots, both 
by the Weigert-Pal and Marchi methods, appeared normal. 

' (This case has not been examined with the completeness of 
the other cases owing to the fact that the patient only died 
shortly before the publication of this paper; but sufficient has 
been done to show that it was a typical case of the disease, and 
owing to the long third stage corresponded closely to Case No. 1 
in its pathological aspect.) 


CASES NOT VERIFIED. 


Case 8.—M. C., aged 38 years, a married woman, was admitted 
into the National Hospital under the care of Dr. Ferrier on 
September 23, 1898, complaining of weakness of the legs, numb- 
ness, and inability to walk. She had had syphilis ten years before 
admission, otherwise she had had good health. There was no 
history of alcoholic excess. Highteen months before admission 
she first noticed numbness and stiffness in the calves of both legs. 
A few months later she dragged both feet in walking, the legs 
were stiff, and she had a tight girdle sensation round the waist. 
These symptoms gradually increased until six weeks before admis- 
sion, when, in the course of one day, she became entirely unable 
to stand. With this she developed retention of urine (she had 
had slight precipitancy of micturition ever since:the beginning of 
the illness). 

Her doctor informed one of us (J. C.) that a month before 
admission he had examined her, and had found the knee-jerks 
brisk and double foot clonus present. 
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_ When admitted she was a very pale,sparely.nourished woman ; 
the mental state, speech, articulation, special senses, optic discs 
and cranial nerves were normal. There was slight lateral nystag- 
mus.. The upper extremities and trunk were normal as regards 
motion. The lower extremities were well nourished and were 
flaccid. She could execute all movements of the lower extremi- 
ties against fair resistance as she lay in bed. On attempting to 

‚walk, supported on either side, the. feet were poorly lifted, and 
she was wildly ataxic. When standing supported much danse des 
tendons appeared. She fell at once when unsupported. The 
electric excitability of the muscles was normal. There was 
slight blunting of sensibility to touch and temperature, but not to 
pain over the lower two lumbar and all the sacral areas. Sense of 
passive position was entirely lost in the lower extremities, and 
was very much impaired in the wrists and fingers. The sphincters 
showed alternating retention and precipitancy. f 

Reflexes—Wrist and elbow-jerks brisk. Knee-jerks absent. 
General reflex excitability of the lower limbs increased. Plantar- 
reflexes showed extensor responses. 

Blood count: Hæmoglobin 60 per cent. of the normal ; red 
blood-cells 4,900,000 per cm.; no nucleated red corpuscles ; 
white blood-cells normal. Spleen-not enlarged. Other organs 
healthy. í 

She left hospital æ month later, her condition not having 
changed. A month after leaving hospital she developed com- 
plete anæsthesia and severe œdema of the lower extremities, 
which became completely paralysed. Bedsores developed, and 
she died a month later. 

No autopsy was performed. : Ba! 

Duration of illness—twenty months; stage of slight ataxic 
paraplegia—sixteen months; stage of severe paraplegia—two 
months; stage of flaccid palsy, absent knee-jerks, and @dema— 
two months. 


Case 9.—H. T., a dressmaker, aged 30 years, was admitted 
into the National Hospital under the care of one of us (J. S. R. R.) 
on October 31, 1899, complaining of numbness and weakness of 
the legs, sphincter trouble, and anemia, of one year’s duration. 

There was a family history of rheumatic fever. She had 
never been strong, and had frequently suffered with dyspepsia 
and anæmia. A year before admission she noticed that she was 
unsteady-when walking in the dark, and she became very pale. 
This. wäs followed by numbness in the legs, which became stiff 
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and dragged when she walked. She got about till nine months 
later, when she became much worse, and was unable to walk. 
Numbness in the tips of the fingers and a girdle sensation then 
appeared. She became very breathless and pale, but had no 
hemorrhages. Ten days before admission she developed com- 
plete incontinence of both sphincters. 

When admitted she was an extremely ansmie, sparely- 
nourished sgirl. Her mental state was weak and emotional. 
Speech was normal, but her voice was low pitched, and she 
did not control the blast of air properly. She had been deaf in 
the left ear for ten years and had tinnitus on that side; otherwise 
the special senses were normal. Optic discs and cranial nerves 
(except tenth and eleventh) normal; the pupils were normal; 
there was slight lateral nystagmus. There was general paresis 
of the left vocal cord. The trunk muscles were normal. Move- 
ment of the upper extremities was generally feeble, and there was 
distinct ataxy in both upper limbs. All movements of the lower 
extremities were very feeble. She could just stand when sup- 
ported on both sides. Great rigidity of the legs and some general 
wasting. The faradic excitability was diminished. Marked flexor 
and adductor spasm. There was slight numbness in the finger 
tips of both hands and a tight girdle sensation round the lower 
part of the abdomen. There was marked impairment of sensi- 
bility to all forms below the root level—nowhere absolute. 
Severe dull pain in left hypochondrium. 

Reflexes.—Jaw-jerk not obtained. Wrist and elbow-jerks 
exaggerated; knee-jerks exaggerated ; double foot clonus. Super- 
ficial reflex excitability of the lower extremities much increased ; 
plantar reflexes were brisk extensor responses ; abdominal reflexes 
absent. Complete incontinence of both sphincters. Spine normal. 
Heart: Loud basie systolic murmur; bruit de diable. Liver and 
spleen not palpably enlarged. Some soft cedema of lower limbs 
and back. Blood count: Haemoglobin, 68 per cent.; red blood 
cells, 4,700,000 per cm.; a few nucleated red cells present; no 
poikilocytosis; marked lymphocyte leucocytosis. The tem- 
perature ranged between 99° and 102° F. 

This patient subsequently developed patches of herpes over 
the fifth left dorsal root area, and the anesthesia crept up to the 
upper limit of the seventh cervical root area. 

On November 17 the blood was again examined, with the 
following result:—Red blood cells, 3,708,000 per cm.; white 
blood cells, 7,000 per em. No nucleated red cells. Differential 
leucocyte count :—(a) Polymorphonuclear cells, 71 per cent. ; (b) 
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lymphocytes, 23 per cent.; (e) hyaline cells, 3 per ‘gents ; (d) 
‘coarse oxyphile cells, 1:2 per cent.; (e) basophile cells, 0°6 per 
cent. ; (f) cells with reniform aueler, 1:2 per cent. 

We are much indebted to Dr. A. G. Phear and to Dr. A. J. 
Whiting for valuable assistance in examining the blood of this 
Dee 


bas 10.—A. T., a married woman, aged 37 yeats, was ad- 
mitted into the National Hospital under the care of Dr. Buzzard 
on February 6, 1900. She complained of weakness and numbness 
in the legs and arms and inability to stand of seven months’ dura- 
tion. There was no history of syphilis or of alcoholism. 

Seven months before admission she noticed that the feet were 
numb and slightly swollen. Soon afterwards the legs gradually 
became stiff and dragged when she walked, sometimes giving way 
at the knee. She did her work for five months. Two months 
before admission she became unable to stand and her arms became 
weak. She had had no ocular or sphincter trouble and no pain. 

When admitted she was a well-nouxished woman, not obviously 
anemic. Mental state intelligent. Speech, special senses, optic 
dises and cranial nerves normal. There was slight incoordination 
“in both hands, but no weakness or wasting. The trunk muscles 
were normal. All movements of the lower extremities were per- 
formed with considerable power, but with great incoordination. 
She could only stand when supported on both sides, and made the - 
wildest excursions with her legs in attempting to walk. There 
was no wasting, and the electric excitability was normal. She 
complained of numbness in the legs and fingers. She could not 
recognise light touches below the fourth lumbar root level. There 
was no sphincter trouble. The wrist and elbow jerks were difficult 
to elicit; the left knee-jerk was obtained with double reinforce- 
ment; the right was absent. The plantar reflexes showed a brisk 
extensor response. 


Case 11.—J. M., a married woman, aged 54 years, was admitted — 
into the National Hospital under the care of Sir William Gowers 
on August 4, 1899, complaining of weakness of the legs and of 
tingling and numbness in all four extremities. Her health pre- 
vious to this illness had always been good. She had led an 
irregular life as an actress. 

Two years before admission she had an attack of inflammation 
of the eyes, and herpes appeared all around the right eye. Shortly 
after this the legs and the fingers became numb; she had burning 


SUBACUTE DEGENERATION OF THE SPINAL CORD 107 


pain in the feet and a feeling as if she was walking on cotton wool. 
The legs slowly became stiff and she dragged them. The numb- 
ness spread slowly upwards, and she had a tight girdle feeling at 
the level of the umbilicus. She became very unsteady in walking. 

Four months before admission she developed ptosis on the 
right side which passed off in a few weeks. 

A month before admission she began to have difficulty in 
passing urine. , 

On admission she was a well-nourished, pale, sallow:com- 
plexioned woman. Mental state and speech normal. Smell was 
very defective in both nostrils, but otherwise the special senses 
were normal. The pupils were equal and reacted normally. The 
cranial nerves were normal to objective tests, but she stated that 
her voice in speaking and in singing had deteriorated very much 
during the year preceding admission. All movements of the 
upper extremities were powerfully performed, but with some in- 
coordination, and there was some tabetic athetosis when the 
hands were held out and the eyes shut. The lower extremities 
were weak in all movements and there was marked ataxy. She 
could only stand with support on both sides, and on the attempt 
to walk the feet were raised high and placed down forcibly and 
in any position. The abdominal muscles were very weak, and 
she could not raise herself into the sitting position without assist- 
ance. There was marked diminution of sensibility to all forms 
below the ensiform process. The same diminution was found 
over the hands and ulnar borders of the forearms. She com- 
plained of a sensation like iron bands round the pelvis and 
abdomen as high as the lower costal margin, There was com- 
plete loss of sense of passive position in the lower extremities and 
inarked loss in the hands. There was occasional incontinence of 
urine and constant delayed micturition. Wrist and elbow-jerks 
present and equal; knee-jerks increased ; double foot clonus and 
the plantar reflexes showed the extensor response. Blood count: 
red blood-cells 4,300,000 per em. ; haemoglobin 80 per cent. 


Case 12.—W. P., a scene-shifter, aged 45 years, was admitted 
into the National Hospital under the care of Dr. Ferrier on March 
21, 1898, complaining of weakness of the legs and of the right 
hand. Family history and previous health good. He was a 
scene-shifter, and worked in an atmosphere laden with colour 
dust from the scenery. He denied venereal disease. He was in 
the habit of taking a good deal of alcohol. 

Seven weeks before admission he noticed a numb cold feeling 
in both feet, which rapidly spread up to the waist. The legs 
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then: became weak and stiff, and he dragged them in walking. ' 
Sudden flexor spasms in the legs troubled him at night. Six 
weeks later he was much worse, and the right hand became very 
weak. Sharp stabbing pains in all four limbs troubled him 
greatly. l ` 
-~ Onadmission he was a strongly-built man; cranial nerves and 
special senses normal. Great weakness of both hands R. > L. 
Abdominal muscles so weak that he could not sit ap in bed. 
Absolute paralysis of the right leg and almost absolute paralysis 
of the left leg. No wasting. Complete loss of sense of passive 
position in the lower extremities. Relative anæsthesia to all 
forms below the umbilicus. Sphineters normal. l 
. Reflexes. —Knee, wrist, and elbow-jerks exaggerated ; double 
foot clonus. Plantar reflexes brisk. 

Skin of the feet thin and shiny. Temperature 98° F. to 
100°5° F. 

On the ninth day after admission the temperature rose to 
103° F., and complete paralysis of the legs, complete inconti- 
nence and profound anssthesia appeared. Two days later the 
knee-jerks were lost, and marked vaso-motor paralysis and edema 
set in. He remained for a week in an apparently moribund state, 
with muttering delirium, and developed a right-sided pleurisy and 
a large sacral bedsore. At the end of this time he began to 
improve rapidly., The temperature fell. The anesthesia and 

incontinence disappeared. The bedsore healed, and the spastic 
symptoms returned to slowly disappear in the course of the 
‚following two months. 

At the time of writing this patient is at work, and the only 
sign of his illness that remains is the scar of the large bedsore. 

During the acute stage of his illness he was treated with 
iodide of potassium and strychnine. During the last year he 
has had five. epileptic attacks; never having previously had an 
attack, 
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THE PATHOLOGICAL FINDINGS IN A CASE OF 
GENERAL CUTANEOUS AND SENSORY ANZES- 
THESIA WITHOUT PSYCHICAL IMPLICATION. 


BY HENRY J. BERKLEY. 
Clinical ‘Professor of Psychiatry, The Johns Hopkins University, Baltimore. 


Tue detailed clinical history of this case can be found in 
Brain (vol. xiv., 1891, part iv., page 44). A careful search 
of the medical literature has disclosed no similar instance 
occurring either before or since the date of its publication. 

A synopsis of the clinical record as then published shows :— 
(1). A strong hereditary tendency to nervous instability, the 
mother, two maternal uncles, two brothers and two sisters 
kaving been insane. The father had died of tuberculosis. 
(2) A syphilitic infection acquired from her husband at the 
age of 29 years, subsequent to which the patient had several 
abortions, sore throat and falling out of the hair. 

For twenty-two years, after the subsidence of acute 
symptoms due to the syphilitic process, there was fair 
health. Then came an attack of acute arthritis, after which 
the’ patient never fully recovered her former physical condi- 
tion. Within a few months thereafter her eyesight began 
to grow dim, there were sudden flashes of light before the 
eyes, and vision was gradually extinguished, only sufficient 
remaining to enable her to distinguish light from darkness. 

In the early summer of 1889 (nearly six years after the 
rheumatic attack) the patient began to experience a general 
tingling and formication in the skin of the entire body, which 
was shortly followed by several spells of uncontrollable 
vomiting. ` 

A consensus of the numerous examinations made during 
the years 1889 and 1890 showed a total loss of thermic, pain, 
olfactory, gustatory, equilibrium, pressure and weight sensa- 
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tions ; almost total loss of the visual sense, and a partial loss 
of tactile and muscular impressions, muscular sense and 
„auditory perceptions. None of the special senses or cutaneous 
sensations remained wholly uninvolved. 

Besides these disturbances of the sensory apparatus, 

- several other symptoms of almost equal prominence were 
recorded. > 

The musculature, while responding to the will, did so in 
such a feeble manner that the patient was incapacitated 
from helping herself to any extent. Thus the dynamometer, 
when taken in the hand and squeezed, was so feebly com- 
pressed that the indicator showed no movement of the dial, 
though the woman exerted every effort in the trial. Despite 
this fact, however, both nerves and muscles responded - 
. promptly to the galvanic and faradic currents, nor was there, 
‚anything abnormal noticeable about the quality or time of 
the reactions. 

The cutaneous reflexes were all abolished. The faucial 

‘and pharyngeal reflex movements were absent, and a sound 
could be passed over the epiglottis into the larynx without 
eliciting a sensation of discomfort or inducing cough. During 
the attacks of vomiting there was no sensation of nausea. 

When first examined the knee-jerks were present and 
normal. The biceps-jerk could also be elicited with some 
little trouble. The reaction of the abdominal muscles. was ` 

` lost, and the ankle beat was feeble. By the middle of July, 
1890, the right knee reflex had disappeared, and the left one 
was weak. All other reflexes, deep and cutaneous, had been 
completely abolished. A year later the jerk of the left 
patella tendon was found to be extinguished. 

Furthermore, with auditory perceptions a progressive 
dulling could be noted. When the woman was first admitted 
to the hospital the sense of hearing was fairly acute in both 

.ears. Gradually the difficulty in receiving auditory impres- 
‘sions Increased, until finally the voice could not be heard 
except with strenuous effort. 

The ophthalmoscopic examination showed an extensive 
choroiditis pigmentosa, with atrophy of the optic nerves. 
Only a few vessels could be seen in the retina, and these 
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were of minute size. In both lenses there was a beginning 
cataract. . 

Whether the optic nerve atrophy should be considered 
part of the general disease-process, beginning as it did long 
before the other symptoms, is somewhat problematical, 
though in tabes the same trouble is not infrequently noted 
as a forerunner of definite symptoms. of the disease. 

The pupils were at first in a state of. mid-dilatation, and 
responded slowly to light, direct or reflected. They did not 
dilate on irritation of the cervical sympathetic. At a later 
stage the pupils became somewhat narrower, but remained _ 
alee to stimuli. 

There were a number of interesting disturbances of the 
glandular secretions. During the fall of 1889 the mouth was 
found to be almost absolutely dry, the tongue heavily cracked, 
the epithelium eroded from its tip and sides, while the entire 
buccal surface was red and congested. At the same time the 
secretions of the lachrymal glands had almost ceased, the 
surfaces of the conjunctive being dry and injected. The 
skin was also dry and devoid of odour. After a course of 
potassium iodide these phenomena slowly abated, and the 
secretions returned to a more normal state. 

Various unusual sensations troubled the patient at times. 
Cramps of the gastrocnemii, sensations of burning between 
the scapule, a girdle feeling around the abdomen, and 
neuralgic twinges in the nerves of the extremities were often 
complained of. Occasionally there were chronic fibrillary 
spasms of the small muscles of the thumbs. 

Attacks of diarrhea, refractory to treatment with drugs, 
though yielding to a continued milk diet, occurred in the 
latter part of the winter of 1890. These were, on several 
occasions, followed by a protracted vomiting, without pain 
or nausea. 

Trophic symptoms in the form of a bulbous appearance 
of the finger tips and ridging of the nails, together with 
purpuric spots, developed late in 1891. 

Throughout the long course of the illness there was 
never the slightest departure from normal mentality on the 
part of the patient; no hysterical autacke;.1 no pathological 
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. depression or exaltation, and no delusions or hallucinations 
were ever noted. A slight apathy was the only perceptible. 
change in the mental phenomena, but this was not greater 
than is frequently noticed in those who have become blind 
` and helpless. 

In discussing the etiology of the sensory phenomena in 
the previous article, three possibilities were suggested. (1) 
‘That the malady was functional, an opinion largely influ- 
enced by the pathological findings in the three autopsies ‘on 
cases of general cutaneous and sensory anesthesia reported 
by von Ziemssen, Krukenburg and Schüppel, respectively. 
This view was held to be hardly consistent with the presence 
of an optic neuritis, loss of the reflexes and the trophic 
manifestations. (2) That. the case was an obscure instance 
' of syringomyelia, or (3) that the terminal end-apparatus of 
_ the peripheral nerve fibres was diseased. 

Though many points are not cleared up by the autopsy 
and the subsequent microscopic examination of the tissues, 
the results obtained are sufficient to show that none of these 
explanations -would hold good, the nearest approach to a 
correct diagnosis being found in the last conjecture—dis- 
turbance of the peripheral nervous system. 

The patient’s condition did not materially alter after the 
record of the case was published. The anesthetic and other 
Symptoms, from the reports of the house physicians to the 
‘hospital, remained about stationary, and, on the rare occa- 
sions on which I saw her, there were no additional phenomena 
to be noted other than a steady though slow decline of the 
vital powers. Late in the year 1893 another ophthalmo- 
scopic examination was made by Dr. H. Friedenwald, who 
found in the left eye an extensive and typical retinitis pig- 
mentosa, the papilla being blurred and of a dirty yellow 
‘colour. Few vessels could be noted. In the right eye the 
clouding of the lens was so profound that the retina could 
not be’seen. 

About the middle of May, 1898, Mrs. R. became dient 
lethargic, & condition that slowly increased to coma, in 
which state she died on the 25th of the month. 

“The autopsy was performed ten’bours after death, the 
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body being still warm to the hand. The cadaver was not 
“emaciated, and post-mortem lividity was visible only on the 
dependent parts of the back. Both pupils were strongly 
contracted, though the right was much smaller than the left, 
being a mere pin point ‘opening. There were no iritic 
adhesions. The nails were ridged longitudinally. Rigor 
mortis was present in the extremities. No local atrophy of 
the muscles could be noted. 
_ The cranial cavity was first opened. The bones were 
dense in texture, and somewhat thickened, measuring 
10 mm. in the frontal, and 8 mnt. in the occipital regions. 
No diploé were seen anywhere within the cut bones. The 
marking of the blood-vessels on.the inner surface of the 
parietalia was quite deep. The dura was slightly adherent 
to the bones along the vertex. The Pacchionian granula- 
tions were enlarged and quite granular. The longitudinal 
sinus contained a small quantity of dark fluid blood, but no 
clots. The lateral sinuses were empty of blood. The dura 
mater was not thickened, nor adherent in any way, except 
for the slight adhesions already mentioned. About 50 c.c. 
of slightly blood-stained serum escaped when the sub-dural 
space was opened. 
The pia mater was moderately thickened, the meshes 
being filled with a straw-coloured gelatinous material. Its 
_ veins were filled with dark fluid blood. Along. the 
‘border of these vessels lay broad white lines marking the 
distension of the lymph spaces. This distension of the 
lymph channels did not extend along the arteries at the 
base. The thickening of the pia was greater in the parietal 
than in the frontal and occipital regions. In the right 
sulcus of Rolando there was a much heavier deposit of the 
gelatinous substance than on the opposite side. 
The cranial bones of the vault were normally symmetrical, 
those of the basis cranii a little contracted. 


Basal Vessels. 


The vertebrals were normal in calibre, but each of them 
showed, 27 mm. below their union into the basilar, a small 
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aneurismal dilatation. The posterior cerebellar arteries 
diverged from the parent stem at the usual place of” 
departure and were normal in calibre. The middle cere- 
bellar on. the left side was normal in position and size, while 
the one on the right side was rudimentary. The anterior 
cerebellar arteries were ‘normal in calibre:and disposition. 
The posterior communicating arteries of the circle of Willis 


. had a calibre only sufficient to admit a fine pin: The Sylvians 


were normal both as to their size and the distribution of the 
main branches. Both anterior communicating, as well as the , 
anterior cerebrals, were of fair size. ' Scattered over the 
basilar, the anterior communicating, and Sylvian arteries, 
were a number of atheromatous patches of moderate 
diameter, but the arterial stems showed but little thickening, 
the majority collapsing when cut across. 

The encephalon, inclusive of the soft meninges, weighed 
1095 grammes. The thickened and vascular pia stripped 
off without detaching any bits of the cortical substance. 
But few of the larger arteries of the pia showed the presence 


of marked atheromatous changes. 


Left Hemisphere. . ” 


The sulci and gray matter were of normal depth and fair 
development. The five primary fissures were typical in | 
configuration. The pre-central fissure was bridged in two 
places by unusually broad bands of cortical substance. The’ 
convolutions of this hemisphere were small, rather intricate, 
but corresponded to the usual types. 


Right Hemisphere. 


The convolutions and fissures of this hemisphere were 
symmetrical with those of the left side, except that the 
anterior central convolution was much broader. The right 
optic nerve, on measurement, was slightly smaller than the 
left, though the difference was trivial. To the eye these 
nerve tracts afforded no evidence of gray degeneration. ` 

On section of the hemispheres, the ganglia, the corpus 
callosum and the other inter-hemispheric bands, as well as 
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the white matter, disclosed no evidence of disease. The 
choroid plexuses contained a number of small cysts. 

The cerebellum weighed 140 grammes. There were no 
pathological changes to be discovered in it. 

Macroscopic examination of the medulla dnd pons 
Varolii was distinctly negative in respect to naked eye 
lesions. The membranes around the medulla were a little 
thickened. The pyramids in the medulla were symmetrical. 

The entire cord with the membranes and filum terminale 
were removed, but none of these structures showed any 
vestige of a diseased condition. ` 


Thoracic Cavity. 


The strands and ganglia of the cervical sympathetic nerves 
were in every respect natural. The lungs were normal. 
The pericardium contained a minimal amount of fluid. The 
heart weighed 250 grammes. The posterior segment of the 
mitral valve was much thickened. The intimal surface of 
the aorta was studded with deposits of calcareous material, 
but the vessel showed little ee thickening. The aortic 
valves were normal 


Abdominal Cavity. 


The liver weighed 980 grammes, but was structurally 
normal. Each kidney weighed 100 grammes. The capsules 
were strongly adherent to the cortical substance, and when 
peeled off brought with them portion of the subjacent 
tissue. The cortex was reduced in thickness, and the 
entire renal tissue was hard and resistant to the knife. 
The capsule over one-half of the spleen was enormously 
thickened, while over the other portion it was natural. 
The medullary tissue was normal. Pancreas, intestines, 
lymph glands and bladder, showed no evidence of disease. 

A large number of pieces of the brain from the several 
regions were preserved in alcohol, formol, Müller’s fluid and 
Flemming’s solution. The entire cord was hardened in 
Miiller’s fluid and alcohol. Several bits of skin from the 
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neck and abdominal walls were likewise preserved in alcohol 


and Müller.’ 
‘The spinal cord under the microscope showed the most 
definite alterations, and accordingly will be first described. 


a Lumbar Cord. 


Weigert hematwaylin.—The nerve-bundles of the filum ' 
terminale show no lesion. Throughout the whole of the 
lumbar enlargement the white columns have every appear- 
ance of health, the axis cylinders being distinct,-the myeline 
abundant, and not at all varicose. In the gray tracts, the 
finer fibres inclusive of the commissural are well stained and . 
show no indication of degeneration. Neither the anterior 
nor posterior root fibres have any signs of pathological 
change, although there is considerable thickening of the 
pia droundthem. The cells of the anterior horns are fairly 


“ numerous. Some of them contain heavy depöts of pigment 


granules, while others are. entirely free from the metaplastic 


.. material. 


Dorsal Cord. 


- The lowermost portion of this segment is equally free 
from signs of disease in the medullated tracts, except that 


‚the posterior commissural fibres are not so numerous as in 


the lumbar regions. When, however, the level of the ninth 


- dorsal vertebra. was reached, a small area of ‘degenerated 


fibres first becomes visible in the right column of Burdach, 


_in close proximity to the Goll column. This area is very 
` small. It is at first entirely separated from the pia, but 


soon approaches it more closely, and finally touches the free 
margin. The form of the degenerated tract is irregularly 


“pyramidal in shape, the base broad lying upon the external 


margin, the apex, sharply defined from the undegenerated 
tissue, penetrating more deeply. This degenerated area, 
contains few normal fibres, and none at all in the central and 
apical portions. They become more abundant as the margin 
of the column is reached. The majority of the nerve-tubes 
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within the altered tract are much atrophied, with here and 
there an enlarged and varicose axis-cylinder among them. 
The root fibres at this level of the cord show no distinetly 
degenerated tubes, but contain more than the usual number 
of fine fibres that take the Weigert stain imperfectly: All 
medullated tracts within the substance of the cord are 
definitely normal, except that the bundles composing the 
posterior commissure are scanty. i 

A few millimetres above the beginning of the degenera- 
tion in the posterior column {at the lowermost border of the 
seventh dorsal vertebra), a new area of degëneration i is seen, 
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Outline drawing of a transverse section of the upper portion of the dorsal 
- cord, showing the location of the a ie areas in the ‘posterior and 
postero-lateral columns. 


this time in the left postero-lateral column. At first it 
appears, under a magnification of 80 diameters, as a circular 
patch not larger than the head of a pin lying close to the 
Lissauer zone, though not within the indirect pyramidal 
tract, and well separated from 'the external border of the 
cord. Very shortly it enlarges and assumes a wedge- 
shaped appearance, having. its broad base on the external 
border of the cord and its apex toward the deeper regions, 
and lies within the direct cerebellar fasciculus. This area 
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no i 


i contains a scattered number of apparently normal fibres 
_ interspersed among the sclerotic ones.. 

The root fibres, both anterior and posterior, show the: 
-same general conditions as those a few centimetres lower, 
nor do the posterior fibres that have entered the root zones, 
with a few exceptions, exhibit other than normal conditions. 
The interior medullated tracts, except those alrgady men- 
.tioned as degenerated, the finer fibres of the gray horns, 
the commissural fibres, are all apparently sound. The 
posterior commissural fibres are again deficient in numbers. 


1 


Lowermost Cervical Cord. 


‘The appearance of the degenerated tracts is the same as 

~ in the higher dorsal levels. As higher regions are reached 
the degenerated area in the right Burdach column soon 
begins to alter in size, and eventually entirely disappears 
before the beginning of the cervical enlargement is reached. 

The sclerotic area in the left postero-lateral column on 
“the other hand constantly broadens, and at the same time 
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. „Outline drawing of a transverse section: of the cervical cord above the 
middle of the enlargement, showing the changed position of the lateral 
sclerotic area. 





Transverse section of the dorsal cord, showing numerous thickened vessels in the 
neighbourhood of the commissure and adjacent gray matter. Enlarged about forty 
diameters. 
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moves from the posterior regions ; of the column to & position 
almost in the middle of the lateral region, occupying a place 
along the posterior edge of the Gowers’ tract. Normal 
medullated fibres within its borders are few, the whole area 
being filled by dense sclerotic tissue. The wedge shape of 
the scleroti¢ zone is retained throughout this level, the 
borders of jhe degenerated being sharply defined from the 
normal tissue. nu 


Cervical Enlargement. 


The single area of degeneration at this level exhibits 
no deviation in size or appearance from that described ` 
for the lower cervical region, nor do the other columns, 
root-fibres, or fine bundles and single fibres of the gray 
matter show any departure from the normal, beyond that 
again the posterior commissure has almost no fibres in it. 

In the uppermost portion of the cervical cord the 
degenerated tract spreads out a little towards its anterior, 
boundary, and at the same time comes more directly into 
the Gowers’ column; then at the level of the’ pyramidal 
decussation it becomes smaller, and is at length reduced 
to a narrow band along the anterior border of the cord, 
completely within this tract, The sclerotic area now , 
rapidly decreases in size, and finally beéomes lost at the 
level. of the uppermost portion of the decussation; no 
degenerated fibres being evident in the direct cerebellar 
tract, or extending in the direction of the nucleus lateralis. 
The cells of this nucleus are numerous, not atrophied in the 
least, and do not differ in any way from those in the adjacent 
nuclei of origin. 

Sections were made through the pons up to the level of 
the exit of the fifth pair, but without discovering any further 
‘traces of degenerated fibres. All the roots of the cranial 
nerves, with one exception, contained apparently healthy 
fibres. This was in a small bundle running in the right 
eleventh nerve, in which there was a considerable- increase 
of connective tissue fibrille and a few degenerated medul- 
lary fibres, in all probability owing to.the closure, from 
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hypertrophy of its tunics of the lumen of a local artery 
passing through the nerve bundle. 

The Marchi preparations, for some unknown reason, ' 
did not take’ the stain perfectly, and all that could be 
determined from them was that a few isolated nerve-fibres . 
: of the posterior roots, both internal and external to the 
' substance of the cord, as well as a few fibres of the anterior 
- roots, took the black colour. 


The Optic Nerves. 


~ Weigert hematoxylin.—The blue-black staining of the 
.myelin was hardly taken at all by the sections of these 
` nerves. To provide against errors, other sections were 
again stained by the same procedure, but the result was 
` identical. Faint bluish lines are here and there seen in 
the nerve-bundles, with now and then a more distinctly. 
stained tube scattered among them. Between the atro- 
phying nerve-fibre bundles thick masses of a coarse fibril- 
lated connective tissue have penetrated, which are tinged 
a brownish shade by the hematoxylin. Between the indi- 
vidual nerve-fibres are finer strands of connective tissue 
elements, derived from the thicker bundles. Both optic 
nerves are equally affected in the degeneration, and but few 
nerve-fibres in either of them have escaped total destruction. 

In the optic tracts the vessels, arteries and veins are 
everywhere greatly thickened, the muscular coat being 
altered as in the segments of the cord, and almost to an 
equal degree. The meninges around the optic nerves are 
not perceptibly hypertrophied or filled with nuclei, though 
they contain many diseased vessels. 


‘Internal Capsule and Basal Ganglia. 


` Weigert- -hematoxylin. — The nerve-fibres are distinct and 
well stained by the hematoxylin, and show neither diminu- 
tion of their numbers nor atrophy of the myeline sheath, 
which is abundant and not varicose. The capillaries are 
distended ‘with blood. The veins are dilated, but hold 
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_little blood. The arteries, for the most part, are nearly 
normal; here and there is one showing distinctly the lesions 
' of the muscularis, to be presently described. _ 

At the level of the exit of the fifth pair, and close to 
the ventricular margin, a number of hamorrhages, extend- 
ing beyond the extravascular sheath into the nerve tissues, 
were also found; but in these the corpuscles retained their 
form, and the vascular rupture had probably taken place just 
before: death. 


The Pia Mater Spinalis. 


The soft membrane throughout the length of the cord 
is thickened, but much more in the lower dorsal region than 
above ‘or below it. This hypertrophy of the -membrane 
consists chiefly in a simple overgrowth of the connective 
tissue trabecule, without any nuclear proliferation. The 
arteries and veins contained in the pia are all immensely 
thickened, but this alteration varies considerably in its 
histological characters in different vessels. Iu the largest 
. arteries—for example, in the arteria spinalis anterior— 
the intima is approximately normal, while the muscular 
lamina is greatly thickened. In this latter layer the nuclei 
are too numerous, though for their kind perfect in form and 
staining; but among them those conforming in appearance 
to the usual nuclei of smooth muscle cells are seldom seen. 
The adventitia is not disturbed either in respect to its 
nuclei or the connective tissue fibres. 

In a few large arteries running lengthwise in the cord’s 
envelope, the endothelium and fenestrata have separated 
from the muscularis, probably a post-mortem change, while 
‘the latter layer has assumed a coarsely fibrous aspect, and 
holds but few nuclei of any kind. The fibres making up 
the former muscular layer are arranged in a wavy fashion, 
resembling to some extent the infoldings of a fenestrata, 
and on a superficial examination the whole layer might be 
mistaken for a multiplied elastica. That such is not the 
case is readily determined by the fact that a perfect lamina 
is often found internal to the fibrous layer. 
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In not a few of the moderate-sized arteries the lumen is 
closed completely, solely from the overgrowth of the middle 
layer. The fibrous tissue shows no evidence of hyaline - 
degeneration with picric acid. 

The contents of the lumen of such vessels as are not 

obliterated is not uninteresting. With eosin-hematoxylin, 
or the van Gieson stain, the whole canal is seen to be filled 
with material containing no blood corpuscles and homo- 
geneous except for a faint granulation. In preparations by 
other stains the homogeneous substance is found to contain 
a few epitheloid cells with a round nucleus. 

The smaller arteries also present considerable variation 
in their structural conditions. A majority have their walls 
thickened in the same manner as in the larger vessels, 
while in others there is a minor but distinct degree of 
hyaline degeneration of the middle lamina; it now 
assuming a yellow-brown tint with picric acid fuchsin. 
When there is hyaline alteration, the nuclei are sparse and 
deformed. In a few arteries the elastica is reduplicated, 
or even quadruplicated, and at the same time the lumen 
is narrowed so as to be completely obliterated, or the small 
opening internal to the intima is filled with a mass of epithe- 
loid cells, in which stainable nuclei are uncommon. 

The walls of the veins are almost equally as thick as 
those of the arteries, but in the place of having the lumen 
narrowed it is dilated, and the outline is often irregular. 

The root-fibres contain thickened vessels, some patulous, 
others obliterated. Numbers of the vessels among the root- 
fibres showed a considerable degree of hyaline degeneration. 
Nowhere do the nerve-bundles show any great augmentation 
of the connective tissue elements. The axis-cylinders are 
often fully stained by the aniline dyes used, and are appa- 
rently perfect. 

At one point surrounding an artery coursing longitudin- 
ally in the meninges, just outside the posterior external field 
of the left Burdach column in the lower dorsal cord, lies a 
nodule of partially disintegrated round cells which bears 
much resemblance to a gummatous neoplasm, which, after 

_growing to a certain extent, had degenerated. The extent 
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of this new formation is small, only running through eight. 
transverse sections of the cord. The lumen of the artery 
near its centre is patent. There is a moderate polynuclear 
leucocytosis noticeable in the contents of the vessels. The 
thickened pia is nowhere adherent to the cord. 


Vessels within the Cord. 


Aniline stains.—The veins contain an abundance of poly- 
nuclear leucocytes. The walls of the vessels are often 
immensely hypertrophied, some of those in the anterior 
horns measuring 0°25 to 012 mm., and are visible to the 
naked eye. Others in the medullated regions are equally 
large. There is everywhere hypertrophy. of the walls, prin- 
cipally of the middle layer, and at times it is difficult to 
distinguish between artery and vein. The vessels appear to 
be unduly numerous everywhere; there is no actual new 
formation of vessels, but the smallest arterioles, even the 
capillaries, are so thickened as to be unduly prominent in the 
microscopic field. This is more especially true for the gray 
horns than medullary tracts. The horns seem to be strewn 
with vessels of all sizes, from those visible to the naked eye 
to thickened capillaries. The region containing the most 
numerous diseased vessels lies lateral, on both sides, to the 
gray commissure, and in Clarke’s columns. 

The diseased arteries and veins are all of one type. The 
intima is but slightly affected, a little thickening of the 
sub-endothelial tissue being now and then noted, resulting 
in some irregularity of the lumen ; but if is upon the media 
that the greatest stress of the disease has fallen. This layer 
is greatly thickened, and presents either a fibrous or hyaline 
appearance, according to the duration and intensity of the 
disease-process, the hyaline apparently preceding the fibrous 
change. In some of the vessels the peculiarly-shaped nuclei 
of the muscular tissue are to be seen at infrequent intervals, 
distorted and shrunken to such an extent as to be hardly 
recognisable. In others no nuclei at all are to be found, 
and the lamina, though fibrous, is homogeneous in char- 
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‘acter. With the van Gieson stain, "the media of a number 
of vessels takes on a red colouring, but this is diffuse over 
all the layers, and not confined to-the middle one. In still 
‘others the stain acts differently. The intima and adventitia 
© are tinged red, while the muscularis takes only the yellow 
of the picric acid, and appears not striated, but perfectly 
homogeneous. 

Externally from the muscularis irregular lymph spaces 
are often noted, corresponding to local dilatations of the 
intravascular space. These sometimes contain a few leuco- 
cytes. In the adventitia around these vessels there is little | 
or no morbid changes. It is not unduly thick or fibrous in 
character, and contains a moderate number of round and 
oval nuclei. 

Eosin-hematoxylin preparations show essentially the 
_ same pictures of the morbid process in the vessels as the 
picro-fuchsin stain. The intimal alteration, however, comes 
out more clearly. There is distinct though slight hyper- 
trophy of the layer, with multiplication to a limited degree 
of the endothelial cells. The lumina are nowhere closed, 
though there may be great thickening of the media. Its 
ring-like appearance is also rarely disturbed. 

The lesions of the arterial system, while diffused through- 
out the entire length of the cord, are much more.pronounced 
in the dorsal region than elsewhere, and especially in the 


lower portion of this tract. Accordingly, in the lumbar and > ` 


’ cervical levels there is, by comparison, but little thickening 
and disease of the veins and arteries, though, in truth, the 
degree is very considerable. 

In.the extravascular spaces, especially along the edges of 
the adventitial layer of the vessels, there are frequent depots 
of hematoidin débris, as well as a finely granular material,’ 

_ that takes up considerable quantities of the aniline dyes. 

The walls of the vessels in the medulla and pons show in 
individual instances a considerable thickening, on the same 
order as in the dorsal cord. But while all the vessels have > 
some disease of their sheaths, in but few of them is the 

‘disease extensive. In two large arteries running longi- 
tudinally through the length of the medulla, just beneath 
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the floor of the ventricle and in close proximity to the 
median line, an extensive hyaline thickening was noted, 
and around them, filling up the perivascular space, are 
quantities of fresh red and white blood corpuscles. 

In the cortex and ganglia of the brain, arterial lesions 
are not profound, though here and there a vessel consider- 
ably thickened .may be noted, the degeneration affecting 
principally the middle layer. 

In the meninges of the brain and bulb fairly numerous 
thickened arteries are to be found. These are not equally 
distributed, but only occur now and then. The points of 
selection in the region of the pons and medulla for the pro- 
nouncedly altered vessels are either around the nerve-roots 
or between the nerve-bundles. In almost any of the cranial 
nerves several of these pathological vessels may be seen, but 
` it is only now and then that a degenerated and atrophied 
nerve-tube is noticed in the bundle. 


Arteries of the Thoracic and Abdominal Skin. 


The general histology of the integument seems to have 
suffered no essential change, though the blood-vessels are 
everywhere considerably thickened. In some the morbid 
alteration is much greater than in others, and hyaline 
changes in the media are noticeable. When this occurs 
there is complete disappearance of the muscular elements 
and their nuclei. The endothelial and sub-endothelial 
structures are also slightly hypertrophied. The nerve- 
bundles—so far as could be determined with the fuchsin 
stain used—presented no departures from the normal. 


Nerve-cell Bodies. 


Alcohol hardening and haematoxylin-eosin stain.—The 
nerve-cells of the anterior horns show about the same con- 
dition on the two sides. There is an advanced metaplastic 
change in the substance of the elements, but this is hardly ` 
beyond what one might be led to expect from the moderately 
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advanced age of the individual. The Nissl-bodies in the 
non-pigmented portions are distinct and, rather coarse in 
appearance, and are arranged somewhat irregularly in the 
-cytoplasm.. : 

The nucleus is sometimes very distinct, sometimes of 
normal outline and contents, while at others it is indistinct. 
A few of them are stained very deeply, and the contour is 
irregular and roughened. The nucleolus in the majority 
of the well-defined vesicles is not altered in outline, but 
accepts acid stains in preference to the basic hematoxylin 
and other dyes, standing out as 4 bright red spot in the 
centre of the nucleus. The position of the nucleus is 


`. „usually central. 


In the columns of Clarke thè pigmentary changes’ in the 
nerve-cells are greater than elsewhere, and attain a patho- 
logical degree ; and, besides, there are a number of cells that 
have undergone simple atrophy, having shrunken to a small 
mass in one corner of the peri-cellular space. These atrophic 
cells are more numerous in the lower dorsal region of the 
cord than in the lumbar, upper dorsal, or cervical regions. 
The small nerve-cells in the posterior horns by this method 
of staining show no definite alteration. The cells in the 
lateral regions of the gray horns have few departures from 
the normal. 

Safranin staining. —Many of the cells in all ine anteri ior 
regions of the gray horns, but particularly in the columns 
of Clarke, are completely filled with coarse- yellow pigment 
‘granules, among which a shrunken nucleus is now and then 
demonstrable. No nucleolus is visible in the atrophied 
vesicles. In rather infrequent instances the nucleus is 
pushed to the extremity of the cell. ` 

In the cells that have no well-marked accumulation of 
pigment granules in them the Nissl-bodies are coarse, do 
not retain their usual arrangement, but are irregularly distri- 
. buted through the protoplasmic substance. They also, at 
. times, show a tendency to group together at the periphery 
` of the cells, leaving a clear ring of considerable size around 
the vicinity of the nucleus. At other times there are 
. scattered clumps of granula in the protoplasm. Among 
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the better preserved cells are some that are shrunken to a 
small mass of finely molecular material in which neither 
nucleus nor nucleolus is visible. . 

The state of the nucleus varies considerably in the least 
damaged cells. In a majority caryoplasm and chromatin 
particles are normal, but there are also a variable number in 
each section in which the vesicle has the appearance of being 
swollen, and the caryoplasm is devoid of stainable substance. 
In a very few instances there is a double nucleolus marking 
the presence of an irritative process. 

The Nissl methylene blue stain gives identically the same 
results as the safranin. 


Upper Cervical Enlargement. 


Safranin alcohol stain.—The cellular state is identical 
with that at lower levels. Nowhere in the white columns 
of the cord, with the exception of the slightly sclerosed 
areas, was any morbid process to be noted in the neuroglia 
structures or in the medullary tubes. 

Nissl methylene blue.—The irregular disposition of the 
granula is shown by this method with even greater clearness 
than by safranin and hematoxylin. The tendency is always 
to aggregate into clumps near the periphery of the cell body. 
A portion of the cells, however, show a normal arrangement. 
The large masses of yellow pigment grains stand out in 
striking contrast to the blue of the Nissl-bodies. Quite 
often the pigment covers the nucleus. In some cells, in 
contrast to those mentioned, the chromophilic substance is 
irregularly diffused throughout the cytoplasm, and in these 
the ordinary appearance of the Nissl granula is lost. 

Quite a number of the cells show shrinkage and irregu- 
larity in the contours of the nucleus. The vesicle also has a 
tendency to retire to the periphery of the protoplasm. This 
disposition of the nucleus is‘more often apparent in certain 
regions of the gray columns of the cords than in others. 
Thus in the columns of Clarke it is common, while in the 
ventral portions of the lateral horns it is infrequent. 

VOL. XXIII. 9 
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Medulla oblongata. Lower. regions. 


Deviations from the normal in the cell body are much 
‘less pronounced than in the dorsal cord. Among the cells 
in the scattered nuclei of origin on the floor of the ventricle 
there are here and there nerve elements that show displace- ° 
ment of their nuclei. These are irregular, distorted, and 
shrunken. The lesion of the nucleus is dependeht, at least 
in part, on a simple atrophy of the nerve-cell as the result 
of-an imperfect supply of nourishment. The’ protoplasm 
‚of the cell, accordingly, shows a diminution in its bulk, | 
with corresponding enlargement of the perivascular space. 
Diseased cells on the whole are not common, and few of ` 
the nuclei’ of origin of the cranial nerves have any consider- 
able numbers of them. 


4 


Middle and Upper Regions of-the Medulla. _ 


Van Gieson stain.—The nuclei of the nerve cells are 
much more frequently displaced than lower down in the 
bulb, and the membrane of the vesicle is shrunken and 
irregular. The bodies of: the cells show atrophy. In the 
nuélet, in the region lateral to the central V-shaped point 
of the ventricle, there are numerous very heavily-pigmented 
cells. The pigment consists of the usual yellowish-brown 
grains, but the whole body of the cell is filled with it, and 
the intrinsic nucleus is no longer visible. Some of the 
nerve elements are evidently in process of disintegration, 
‘and when, as is occasionally the case, their nuclei can be 
seen, they are shrunken and distorted. Double nucleoli are 
by no means infrequent in these bodies, and changes in 
the receptivity to dyes, are noticed. The morbid process is 
most marked in the nuclei of origin of the tenth, eleventh, 
and twelfth cranial pairs. Here, accordingly, there is a 
more advanced degree of arterial lesion than lower in the 
medulla. . l 

Safranin staining.— Some of the nuclei of the cells have 
local thickenings of their membranes, but the caryoplasm 
and nucleoli are apparently normal. In others the nucleolus 
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is double or, when single, appears much roughened. "Often 
the nucleus is forced to the extreme edge of the protoplasm, 
or even partly extrudes through its boundaries. The granular 
pigmentation of the cells is seen to be widely distributed, ` 
but only assumes distinct pathological proportions in the 
nuclei of origin, already detailed, and in the upper olivary 
bodies. _In this last location the cells are filled to their 
utmost capacity with pigment and are disintegrating. 

Eosin-hematoxylin slides give the same pictures as ‚the 
safranin. , 
~ Nissl’s methylene blwe.—The superior portions of the 
.olivary bodies have a pathological degree of pigmentation of 
their nerve cells. Elsewhere the accumulation of metaplastic 
material can hardly be said to be greater than is usual in 
persons of advanced years. In a considerable number: of 
the olivary cells none of the blue stain is absorbed, and the 
granules of pigment are scattered loosely within the cell 
space, many of them lying apart from the main body. The 
Nissl granula are fairly well tinged in such cells as are not 
heavily pigmented. The cells of the glosso-pharyngeal 
nucleus have less pigmentation than any other nerve ele- 
ments in this region. 


Region of the Pons. 


The nucleus acusticus dorsalis is heavily pigmented ; all 
others have less of it than in the medulla. The nuclei of 
the cells.of the acusticus are displaced, and the outlines of 
the vesicles are indistinct. The intra-medullary portions of 
the abducens nerves are normal; the axone and medullary 
covering being perfect in detail, as are likewise all other 
medullated tracts in the pons. The vessels are not pro- 
ey diseased. - 


Cerebellum. 


The larger arteries are thickened, but less so than in any 
other department of the nervous system previously studied. 
There is a slight hyaline degeneration of the walls of the 
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vessels, but no visible implication of the inner and outer 
sheaths. The capillaries. have apparently lost their elas- 
ticity, the walls are irregular and have numerous local 
bulgings. Their nuclei do not take the aniline stains well, 
and are shrunken. : 

` The cerebellar leaflets do not appear to be atrophied in 
any way, the molecular and granular. layers, with the 
cellular elements therein’ contained, being perfectly well 
` defined. The neuroglia cells of the molecula lamina are 
not increased in number. The Purkinje cells take the 
aniline and hematoxylin stains in normal fashion, and their 
branches may be traced for considerable distances from the 
bodies. The Nissl granula:contained in them do not depart 
in arrangement from the customary type. Few nuclei are 
otherwise than perfect, and these have only a slight thick- 
ening of the membrane. The nucleus, and chromatin of the 
caryoplasm are perfect. The nuclei of the basket cells of 
Kölliker show nothing abnormal. Within the granular ' 
layer the hematoxylin cells are well defined and exhibit 
nothing pathological. The white medullated cores show no 
morbid condition. : 


Cortex Cerebri. Vascular System. 


In the small arteries of the soft meninges the usual indi- 
cations of a hyaline degeneration of the middle coat may be 
almost universally noticed, but there is little or no thick- 
ening of the layer. The outer lamina is not at all involved, 
and in the intima there is but an occasional trace of thick- 
ening. Calcareous plaques are absent from the medium 
sized arteries. The veins are dilated to a moderate extent, 
and are filled with blood. Their sheaths present no evidence 
of a morbid process. 

Within the layers of the cortex the degree of vascular 
disease is a variable one, but is nowhere profound ; indeed, 
it is seldom more extensive than in the majority of persons 
who have reached the age of 70 years, though in this par- 
ticular instance the morbid process is somewhat different in 

. character. Nearly all the. medium sized arteries show . 


* . 
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hyaline degeneration of the muscularis. This is not uni- 
form, but is scattered in patches along the length of the 
vessel. In the local foci, where there is an advanced degree 
of the hyaline mutation, the muscularis is devoid of cells 
and nuclei, even the intima exhibiting shrinkage and dis- 
tortion of the nuclei. In the intervals where a more normal 
character has been retained, the muscular nuclei are present 
but have slight atrophic alterations with vacuolarisation of 
the caryoplasm. The nuclei are fairly numerous, though 
they do not take up the aniline colours to any extent. A 
few of the vessels show some thickening of the adventitial 
layer, but fixed nuclear proliferation is scanty. In the 
greater number of the vessels the outer layer is not changed, 
beyond containing small quantities of hematoidin debris. 

The smaller arteries and capillaries, like the larger ones, 
show a varying degree of disease. They are irregular in out- 
line, their cut ends standing open as if they were ridged 
tubes, and for long distances their walls are devoid of nuclei. 
When a nucleus is seen it absorbs the aniline dye badly, and 
is shrunken and granular. A few vessels less seriously affected 
show only a moderate degree of deterioration of the nuclei, 
and accordingly a closer approach to a normal appearance. 
The larger veins are filled with blood to distension. Their 
sheaths are fairly well preserved, having the prevailing 
hyaline degeneration only at irregular places. The peri- 
vascular spaces are not dilated. 


` Occipital Region. 


The changes in the vascular apparatus are identical with 
those in the convolutions bordering on the central furrows. 
A single miliary aneurism was discovered in the entire num- 
ber of sections, and this was located in the sub-cortical white 
matter. One small artery stopped by a thrombotic plug was 
also noticed. 


Nerve-cells of the Cortex. 


The Nissl staining of the chromophilic bodies in the large 
pyramidal cells is more than fair, and the arrangement of the 
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stainable substance is regular. The amount of yellow pig- 
ment ‘in the pyramidal cells is not above the normal for a 
person that has nearly reached the natural limit of life, and 
is not diffuse; but confined to one corner of the cell body. 
The nuclei and nucleoli are natural in appearance. With 
the eosin-hemätoxylin dye the ‘cortical cells appear to be ' 
‚ normal. The safranin dyé brings out more distinctly the 

-atrophic changes that are incidental to the involutive period 

` of life, but the alterations are not profound. 

The neuroglia does not show any increase in the number 

‘of nuclei except along the course of a few of the larger vessels 
‘in the stb-cortical medullary tracts. 


` Corpora Striata and Lenticular Nuclei. 


`The cells in these localities are slightly more pigmented 
' than in the cortex, owing to the more extensive vascular 
degeneration. ` The neuroglia nuclei are not increased in | 


' numbers in other localities than around a few large vessels. 


In the optic thalami conditions are identical with those 
described for the corpora striata. 

In the vessels of the ganglia the hyaline condition of the 
` middle coat is very prominent. In a few locations there is 
in addition a well-marked proliferation of the nuclei of the 
. adventitia. . The extravascular spaces are wide, and a few of 
them are filled by a plastic exudate that stains a faint rose 
with eosin. No necrotic foci were found around any of the 
arteries.. ; 


To recapitulate : The fundamental pathological basis for 
` the various nervous phenomena described in the clinical 
. history of the case is as follows:—(1) A hyaline-fibrous 
degeneration of the arterial system existed, which was not 
confined to the central nervous regions, but was. equally 
evident in the roots of the spinal nerves, and:in the skin 
tissues. The degree of alteration varied from slight thicken- - 
ing of the muscular layer to complete closure of the lumen 
‘from. hypertrophy of the middle coat of the vascular walls. 
-The morbid change was accordingly not uniform, . but 
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reached its maximum of - ‘intensity in the vessels of the 
lower ‚dorsal cord, the meninges of the bulb and cord, and 
also in certain of the root-bundles of the cerebro-spinal 
nerves. (2) As a consequence, of the vascular lesions there 
‘were degenerations of an atrophic order in the nerve-cells of 
the gray horns of the cord, more particularly in those of 
Clarke’s celumn, and in the medulla oblongata. ‚To this 
alteration in the central nervous substance at least & portion 
of the various symptoms must be attributed. 

Besides the principal lesions there were others of con- 
siderable, though minor, importance. 

The degeneration of scattered fibres in the ‘bundles of the 
spinal and bulbar nerves played some part in the general 
symptomatology, being shown during life by the lowering of 
tone as regards the innervation of the muscles, as well as by 
disturbances of the functions of the nerves tending from 
the terminal apparatus. i 

The sclerosis of a portion of the outer zone of Burdach’s 
column would signify that fibres ascending through the pos- 
terior root zones were degenerated, though the small area 
involved determines that their numbers were inconsiderable. 
The lesion of the tract itself has but little significance, 
the fibres implicated belonging to short iutan -connecting 
bands. 

The lesion of the direct cerebellar tract is not only of 
more importance, but presents some rather peculiar features. 
The absence of the majority ofthe medullated fibres from 
the posterior commissure, over considerable regions of the 
medulla spinalis, favours the view that a portion of the cere- 
‘ bellar bundle is formed from the fibres of this commissure. 
The gradual change of position in the sclerotic area shows 
‘also that the fibres—at least in this instance—do not pro- 
ceed directly upward in the column, but. are gradually 
diverted as other fibres enter, and assume @ more and more 
anterior position ; and, furthermore, that a portion of the 
fibres are lost in the upper cervical and lower regions of the 
medulla, and do not proceed to higher levels. This ending 
of the ascending fibres has been ascertained for a part of 
Gowers’ bundle, but is not usual in the case of the com- ` 
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ponent medullated fibres of the direct cerebellar tract. At 
its beginning the degenerated area almost touched the left 
. posterior root zone, while in the upper cervical region it 
verged upon, if it did not enter, the area assigned to Gowers’ 
bundle. f 

. The total disappearance of the degenerated area at the 
lowermost level of the medulla may be considered to have 
` sufficient anatomical value upon which to base the theory 
that in the so-called direct cerebellar tract other fibre- 
bundles, which are at present unknown, enter into its 
‘formation, and that these correspond more closely in their 
manner of.terminating to the bundles of the Gowers’ 
system than to those of the cerebellar paths. The deport- 
ment of the sclerotic fasciculus may also give rise to the 
supposition that we have to do here with an undescribed 
bundle, running from the dorsal to the uppermost cervical 
region. , 

As an- explanation of the numerous symptoms of the 
case it would appear most reasonable to suppose the exist- 
_ence of a disease-process affecting simultaneously both the 
peripheral and central nervous systems. Assuming that the» 
arterial lesions were of late specific origin—and of this there | 
can be but little reasonable doubt—a chronic progressive 
involvement of the nutrient channels, here and there leading 
to marked narrowing, or even to closure, of isolated vessels, 
might certainly have produced just such a train of symptoms 
as was present. Of primary importance would be the 
involvement of the arteries of the anterior and posterior 
nerve-roots of the bulbo-spinal system, though the direct 
lesions of the nutrient supply to the terminal nerve appa- ' 
ratus, which have to be inferred as they could not be defi- 
nitely determined, would be of equal value. This inference 
of the implication of the end-apparatus is justifiable, since ` 
the arterial degeneration in the skin was quite extensive, 
and whenever there is starvation of a nerve tissue there 
result pathological reactions, which may be manifest in a 
multitude of ways. 

The slowly progressive character of the symptoms is also 
consistent with the theory of tissue starvation. All the 
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lesions of the nerve-cells.of the cord and bulb are of: this 
type—atrophy and pigmentary degeneration from mal-nutri- 
tion. When nutrition is at a low ebb, metaplastic. granules 
accumulate in the protoplasm of the cell. : 

The condition of the optic tracts, in which the lesions 
are identical with those of other nerve-roots, except that 
they are mare advanced, would argue that the thickening of 
the blood-vessels was of long standing, and that only when 
the process had advanced to an extremé degree did any 
definite symptoms show themselves. This is - exemplified 
more particularly in the state of the cortex cerebri. Though 
in this region vascular disease was manifest. and diffuse, it 
had not advanced nearly to such a degree as in the gray 
matter of the dorsal cord or in the adjacent meninges. As a 
consequence, the fünctions of the cortex, while not as perfect 
as in youth, were not reduced to the same low. level as those: 
of the cord and bulb. j 

One pathological fact should be remembered in ae: 
ing the clinical symptoms, namely, that it is not necessary for 
a vascular lesion to proceed to such a profound degree as to 
cause the entire shutting off of the nutrient supply before a 
nerve-tissue will show signs of deviation from its. normal 
functions. With a reduced supply of nutrient plasma defi- 
nite manifestations of nervous exhaustion are brought about, 
and these are not due to a degeneration of the component 
portions of the neurone which is visible in the tissue after 
death, by our present methods of preparation, in the form of 
morbid alterations of the cytoplasm, axone or myeline. 
Long before this stage is reached the entire neurone is in- 
capable of performing its natural functions in an efficient 
manner, and as a consequence aneesthesias, parssthesias, 
diminution or exaltation of the reflexes, and dulling of the 
special senses may be noted. Almost precisely similar re- 
sults are encountered in advanced stages of progressive 
paralysis, especially in the syphilitic cases, in which, when 
vascular lesions of the arteries of the cerebrum and cdrd 
‚have advanced to a profound degree, there is a gradual but 
progressive dulling of cutaneous sensibilities and special 
sensations. 


t 
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A CASE OF TRANSVERSE LESION OF THE 
SPINAL CORD, WITH A CONTRIBUTION TO 
THE LOCALISATION OF MUSCLES IN’ THE 
CORD. 


BY PURVES STEWART, M.A., M.D., M.R.C.P.. 
Assistant Physician to the Westminster Hospitai, 
AND 

WILLIAM TURNER, M.S., F.R.O.S. | 
Assistant Surgeon to the Westminster. Hospital. 


THE following case is of some importance, not only - 
because of its- symptomatology, which exemplified several ` 
interesting points, but also because the level of the injury 
was.capable of demonstration during life by means of. the 
X-rays and subsequently verified post mortem after an interval 
long enough to permit of the degenerations, being traced with. 
accuracy by the Marchi method. It thus affords a study of 
some value, Pork clinically and pathologically.. i 


ar ‘Nores (by Dr. Purves Stewart). 


The patient; K. T., a married wonian, aged 28, was admitted ` 
to Westminster Hospital under Mr. Turner’s-charge on the morn- 
ing of September 8, 1399, immediately after having fallen out of a 
window, a distance of about twenty-five feet. On admission she, 
was found to be totally paralysed in the intercostal, spinal and 
-abdominal muscles and in the lower limbs, and partially para- 
lysed in the upper limbs, flexion and extension of the fingers being 
impossible, The temperature on admission was 95° F 

On examination of the patient on September 8, some twelve 
hours after the accident, the following observations were made :— 

The patient is a well-nourished woman of good intelligence. 

‘Speech and articulation are normal. She is obviously paralysed, 
partially in the upper extremities, totally in the intercostal and 
abdominal muscles and in the lower extremities. There is 
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moderate anesthesia to touch and pain on the trunk below the 


third ribs in front and below the spines of the scapule behind ; 
also along the inner borders of both upper limbs symmetrically 
from the axille to the fingers, the upper limit of the anesthesia 
running along the long axis of the middle finger in each hand 
(vide fig. 1). At the level of the nipples in front and one inch 
below the inferior angles of the scapule behind, the anesthesia 
and analgesia become absolute. No hyperesthetic zone can be 
detected above the level of anesthesia. 





Fig. 1. 
September 8.—Twelve hours after accident. 


There is no evidence of paralysis of any of the cyanial nerves. 
In the upper extremities the following muscles survive and can 
be voluntarily contracted on both sides, viz,, biceps, deltoid, supi- 
nator longus, flexors of wrist, extensors of wrist, and upper part of 
pectoralis major. The following muscles, on the other hand, are 
totally paralysed on both sides :—Triceps, long flexors of fingers 
and thumb, long extensors of fingers and thumb, interossei, lumbri- 
cales, thenar, and hypothenar muscles, lower part of pectoralis 
major. 


x 
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The fingers and thumb are persistently semi-flexed at the 
interphalangeal joints in both hands; otherwise the posture of the 
limbs is not constant or stereotyped in any way. 

There is total paralysis of the intercostals. The breathing is 
entirely diaphragmatic and quite easy. There is no dyspnea 
and the extraordinary muscles of respiration at the root of the 
neck are not in action. 

The abdaminal and spinal muscles are totally paralysed; so 
also are the lower limbs, which are flaccidly extended at the hips, 
knees, and ankles. 





Fra. 2. 
September 19 — Twelve days after accident. 


The knee-jerks cannot be elicited, although the vastus internus 
contracts to direct tapping on each side. There is no Achilles- 
jerk. The abdominal and epigastric reflexes are absent. The 
plantar reflexes are present and are extensor in type. There is 
absolute retention of urine, requiring the use of the catheter. 

There is no tenderness in the region of the cervical spine, nor 
can any definite displacement of the vertebre be detected 
posteriorly. 

Temperature 99-4° F., pulse 84, respirations 24. 
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September 19 (twelve days after the accident).—The anes- 
thesia was again carefully observed (vide fig. 2), and the abso- 
lute anesthesia was found to include the little and ring fingers and 
‘the ulnar side of the middle finger of the right hand, being less 
extensive on the left hand, where it only included the little finger 
and ulnar side of the ring finger. Slight impairment of sensation 
to touch, pain and temperature is somewhat more extensive than 
formerly, extending now as far as the web of the thumb on both 
sides. The upper limit of absolute anesthesia on the trunk is 
still the same posteriorly, viz., below the angles of the scapula, 
but anteriorly it now extends up to the third ribs. No hyper- 
»sthesia can be detected to light touches or pricks above the level 
of the anesthesia; but the patient states that the skin in the 
region of the upper part of her chest feels tender when she is 
being washed. 

The surviving muscles of the right upper extremity are 
stronger than in the left. Paralysis of triceps, flexors and ex- 
tensors of fingers, and of intrinsic hand muscles is exactly as 
when she was admitted. To-day the latissimus dorsi was exam- 
ined and was found to survive, contracting briskly on both sides 
when the patient coughed. 

The pupils are moderate in size, equal and contract briskly 
to light and on convergence. They dilate sluggishly to shade. 

The supinator-jerks are brisk ; the knee-jerks are still absent. 
There is no ankle-clonus, but passive dorsiflexion of the ankle on 
either side produces a slow tonic contraction in the muscles of the 
calf. The abdominal and epigastric reflexes are still absent. The 
plantar reflexes both show an extensor response of the hallux. At 
the same time as the hallux becomes extended, the knee becomes 
flexed and the hip flexed and adducted. The superficial anal 
reflex is present on pricking the skin of the perineum. The deep 
anal sphincter, however, is paralysed and does not grasp the 
examining finger, and when the latter is withdrawn the anus 
remains for a time “yawning” widely open and after a few 
seconds it slowly closes. There is retention of urine with occa- 
sional ‘overflow’ dribbling, which is kept in check by regular 
catheterisation. 

AU the muscles of the upper limbs, both paralysed and non- 
paralysed, were exainined electrically with faradie shocks, and 
found to react normally. 

An X-ray photograph of the cervical spine shows that the fifth 
cervical vertebra is dislocated forward on the sixth, the spinal 
canal being greatly narrowed at that level (vide plate). 





PLATE TO ILLUSTRATE Dr. Purves Stewart’ s Aanb Mr. WILLIAM TURNER'S 
PAPER, 
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i September 20.—This morning, under an anæsthetic, Mr. 
Turner reduced the dislocation by extension. The displaced 
vertebra was felt to slip back into its place with a distinct jerk. 
Immediately before the operation the patient’s knee-jerks were 
tested and were elicited for the first time since the aceident, the 
left knee-jerk being extremely faint, the right a little less difficult 
to elicit. No Achilles-jerk on either side. Plantars still extensor 
in type. After the replacement of the dislocated vertebra an 
extension apparatus was applied with a weight of eight pounds to 


the head. 
ma 
> 





Fie. 3. 
October 10.-- Permanent Ancesthesia. A month after accident. 


September 26.—Anssthesia on front of chest same as when 
last noted. Upper limit on upper extremities splits the middle 
finger. Right arm distinetly stronger than left, though no pre- 
viously paralysed muscles have yet recovered. Knee-jerks just 
present, the right being greater than the left, but both are very 
difficult to elicit. 

October 10.—Surviving muscles exactly as before, including 
biceps, deltoid, supinator longus, latissimus dorsi, pronators, 
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flexors and extensors of wrist and upper part of pectoralis major : 
on both sides. The triceps, flexors and extensors of thumb and 
fingers, with all intrinsic hand muscles, are still totally paralysed. 
The fingers are semi-flexed at the interphalangeal joints; thumbs 
lightly adducted. The lower limbs are extended at the hips, 
knees, and ankles. There is distinct wasting of the intrinsic 
muscles of the hands and of the muscles arising from the internal 
condyle on both sides, but especially on the right side. The 
sense of position on passive movement is lost at all points of the 
little and ring fingers of both hands, being normal in all the 
other fingers and at the wrists, elbows and shoulders. ‘Upper 
border of slight anzsthesia on the right hand reaches to web 
between middle and ring fingers ; in the left hand it courses along 
the long axis of the middle finger (vide fig. 8). Owing to 
“extension apparatus, limits of anesthesia on back of trunk 
cannot now be tested. The tenderness of the skin of the upper part 
of the chest and root of neck, when patient is being washed, still 
persists. The supinator-jerk is present and brisk on both sides. 
The knee-jerks are just present, very faint, mere flickers. No 
ankle-jerk. Reflex incontinence of urine and feces as before. 
Occasional flexor spasms of the lower limbs at hips and knees 
occur when patient is being moved in bed. Plantar reflexes 
to-day are both distinctly flexor in type. Healing bed-sores are 
present on both heels. 

October 10.—Patient is discovered to be pregnant. The last 
catamenial period was about the middle of June. 

October 11.—Temperature has gone up to 103:2°F. General 
bronchitis. 

October 14.—Plantars to-day are both extensor in type. 
Knee-jerks can just be elicited, very faint on both sides. The 
temperature is up to-day (103°) and respirations are rapid, the 
chest wall being sucked in at each inspiration. 

October 16.—Sense of position tested again to-day; lost in 
the two ulnar fingers of each hand. In the middle finger of the 
left hand, which is partially ansesthetic on one side only, the 
patient sometimes can tell the position of the joints correctly, 
but oceasionally she makes a mistake. She is invariably correct 
with the middle finger of the right hand. 

The pupils are equal in size and react to light. The right pupil 
was tested with a solution of cocaine and found to dilate well. 

To-day, for the first time, she can make a feeble voluntary 
contraction in the triceps on both sides, but cannot extend either 
elbow against gravity. 
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Knee-jerks faint as before. Plantar reflexes both markedly 
‘extensor in type. The uterus is enlarged. The patient is 
apparently about four and a half months pregnant. 

The faradic reactions of the arm muscles were tested and 
found to be as follows:—-Ncrmal reactions are present in the 
deltoid, biceps, supinator longus, and upper part of pectoralis 
major on both sides, also in she flexors and extensors of wrists 
(all these muscles can be voluntarily contracted). Normal 
faradic reactions also are present in the paralysed thenar and 
hypothenar muscles on both sides. 

Diminished reaction to faradism exists in the triceps, lower 
part of pectoral and interossei on both sides; also in the flexors 
of the right fingers and the extensors of the right index and right 
thumb. 

There is no reaction to faradism in the common extensors of 
the fingers or in the flexors of the thumb on either side, nor in 
the extensors of the left thumb or the flexors of the left fingers. 
The muscles of the lower limbs react briskly to faradism. 

The bronchitis has now cleared up, and the temperature has 
fallen to 101° F. 

October 80.—Patient examined by Dr. Rivers Pollock. Uterus 
just below umbilicus. Is about twenty-two weeks pregnant. 
Foetal heart heard. 

November 3.—To-day patient can extend both elbows feeble 
against gravity, the right betzer than the left. Pronation and 
supination are good on both sides; so also are flexion and dorsi- 
fiexion of both wrists. No mcvement whatever in the fingers of 
either hand. Atrophy of inierossei, thenar, and hypothenar 
eminences and of muscles arising from the internal condyle on 
both sides. Both latissimi dorsi contract normally, also the 
clavicular head of pectoralis major on both sides. 

Respirations are rapid, 42 per minute, and the trapezii and 
sterno-mastoids contract at each inspiration, whilst at the same 
time the anterior chest-wall becomes retracted. Copious rhonchi 
are heard all over the chest. Pulse 88, temperature normal. 

Anasthesia exactly the same as before. Tenderness of skin 
of shoulders and over manubrium sterni still- present during 
washing. Loss of sense of position in two ulnar fingers of right 
hand and in three ulnar fingers on the left side.” 

The lower limbs are now semi-flexed at the hips and knees, 
with strong tonic adductor spasm. The knee-jerks are now 
brisk, but there is no ankle clonus. The plantar reflexes are 
extensor in type; the abdominal reflexes are absent. There is a 
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deep bed-sore on the right gluteal region. and superficial sores on 
. both heels; although the patient has been on a water-bed ever > 

since admission. 

The pupils are equal in size (3 mm); “they react normally to 
Nene and dilate when shaded. eoo ; i 

, November 6.—General bronchitis. Temperature normal. 

November 11.—Anesthesia and motor paralysis as before., 
Knee-jerks brisk on both sides. No ankle .clonus. Plantar 
reflexes extensor in type. Temperature 96°8°, pulse 94, respi- 
rations 33. 

_November 14.—Patient died at 6 a.m. from failure of respira- 
tion, which became somewhat accelerated (46) at the end, sixty- 
eight days after the original accident. Temperature ‘at death 
96:2 F. . ; 


` , Autopsy (eight hours after death). 


When the body was turned on its face, the forward displace- 
ment of the fifth cervical vertebra was very evident, rendering the 
spines of the sixth and seventh vertebra abnormally. prominent. 

- The brain when removed showed no Baal) on naked: 
eye examination. _ 

On opening the spinal canal no extra- dural hemorrhage could 
be seen at any point. At the level of compression in the lower 
cervical region the dura was firmly adherént to the bones both 
in front and behind. : At that level the theca was much flattened 
for a vertical extent of about 24 em., the flattened part being 
` distinctly paler than the portions above or below. ae 

On opening the spinal dura mater, the cord was found to be `` 
extremely thinned at the level of the upper part of the seventh 
cervical segment, being reduced to a mere ribbon with an antero- 


‘posterior diameter of only 1 mm. at its thinnest part. 


The cord, medulla, and pons were placed in 10 per cent. 
formalin for microscopic examination. Sections were stained by 
the Marchi and Nissl methods and also with Delafield’s hema- 
_ toxylin and van Gieson’s picric acid and fuchsin. f 

The degenerations found in the cord, medulla and pons are 
described by one of us in another paper. 

There was no‘ fracture whatever of the articulär processes 
nor of any portion of either vertebra. The case was therefore 
one of pure dislocation. 

The uterus reached to the abioi and contained a female 
fœtus apparently between the fifth and sixth month of gestation. 
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REMARKS BY MR. WILLIAM TURNER. 


There is no doubt that ‘this is a case of complete EEA 
tion of the one vertebra on the other. This accident 'is 
comparatively rare as compared with fracture-dislocation, 
and is only possible in the neck. The inter-vertebral disc ` 
was broken, but the articular processes and laminæ of the 
vertebr were quite uninjured. When the patient was first 
seen we could not diagnose any displacement, although it 
was very carefully looked for, and I fancy this must have been 
“due to the partial slipping-back of the bones into position 
again directly after the accident. 

The spine of the fifth vertebra is always slightly de- 
pressed, and not so easy to feel as the others in the neck, 
and this, I think, makes the diagnosis of slight displacement 
more difficult still. The reasons why no operation was per- 
formed at first were that the condition of the patient showed 
quite definitely that the medulla of the spinal cord was at 
that time seriously injured, and this made the prognosis 
hopeless as regards cure from the first, and also the site of 
the injury. . The operation at first contemplated was that of 
laminectomy. When, however, the fact was evident that 
dislocation had occurred, and that the position of the bones 
was far from satisfactory, we decided to try and reduce by 
means of extension in the hope that some good might 
perhaps accrue. 

On admission she complained of some pain on the lower 
part of the neck, but there was no tenderness or prominence 
or depression in the region of any of the cervical spines. 
The seventh was quite distinct, and the others could be 
traced up in a middle line from it. There was no bruising 
in this region, and she had no pain radiating along the dis- 
tribution of any of the nerve-roots. 

The neck muscles were slightly more rigid than usual, 
and forcible movement of the head caused some pain, but 
this was quite indefinitely localised. Nine days after the 
accident it was noticed that the sixth cervical spine could be 
more distinctly felt than the fifth, and that it was on a 
distinctly posterior plane, and it was then decided that 
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a skiagram should be taken from the side to confirm if pos- 
sible the opinion that the condition was probably due to a 
dislocation or fracture-dislocation. The accompanying plate 
shows the result. It was taken by J. H. Montague, of 101, 
New Bond Street. f 





Fig. 4. 


Vertical mesial section through dislocation (natural size). - 


The anæsthetic given was A.C.E., and the patient took 
it as easily as if. she werè quite well. Almost, directly that 
I put extension on the head, standing at the head of the 
table, and with my thumbs on the transverse processes of 
the upper vertebree, the bone slipped back into position 
with a distinct jerk, and did not appear to have any ten- 
dency to resume the abnormal position. A second photo- 
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graph was taken, by the X-rays two days after the operation, 
‘ and showed that the displacement had been successfully 
reduced. 

September 21—The extension apparatus caused the 
patient a good ‘deal of discomfort and pain in the neck, but 
not sufficient to discontinue its use. ‘The level of -the 
spinous processes is now normal. The weights extending 
the head were day by day gradually diminished, as the pain 
seemed to be more marked, and on October 16 only two 
pounds was used. It was then noticed that the position 
of the spinous processes was not quite so good as at the 
commencement of the extension treatment, and on Novem- 
ber 10 there was no doubt ‘that there was again some 
slight subluxation of the fifth vertebra on the sixth. This 
was verified on post-mortem examination, as may be seen 


`- from the drawing of a vertical mesial section through the 


bones. 


REMARKS BY DR. Purves STEWART. 


_ The upward limit of the cord lesion, viz., in the upper 
part of the seventh cervical segment, was determined 
without much difficulty by the symptoms, motor and sen- 
sory. And this diagnosis was verified by the X-ray photo- 
graphs, which showed with great clearness a displacement. of 
the filth vertebra forwards on the sixth, a vertebral disloca- 
tion which corresponds to a lesion in the cord between the 
‘sixth and seventh segments. 

Another question was as to the amount of injury to the 
cord, whether total or partial. The complete paralysis of 
motion and sensation indicated that both the motor and the 
sensory paths were interrupted, whilst the wasting of muscles 
at the level of the lesion and their changed electrical reactions 
showed that the anterior cornual cells were destroyed at the 
site of the lesion. © The absence of the knee-jerks during the 
first fortnight after the injury led one at the outset to sup- 
pose that the lesion was a complete transverse one. Four- 

- teen days after’ the injury, however, the knee-jerks reappeared, 
though excessively faint, and thus led one for the first time 
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to think that, according to Bastian’s dictum,! there must 
still be some slight connection between the parts of the cord 
above and below the lesion. Such afterwards proved to be 
the case, although the band of uniting tissue measured only 
1 mm. in antero-posterior thickness. 

‘From the fourteenth until the fortieth day the knee-jerks 
remained excessively faint, so much so that Dr. Hughlings 


` Jackson, who kindly saw the patient on the fortieth day, 


considered that, being mere flickers, they might practically 


‘be taken as absent. On the forty-seventh day, however, the 


knee-jerks became normal in excitability, and remained so 
until the patient’s death on the sixty-eighth day. -At no 


‘time were the knee-jerks exaggeratéd, nor could ankle clonus 


be obtained at any time. 

The absence of knee-jerks for fourteen days, their reap- 
pearance and gradual return to normal without the develop- 
ment of ankle clonus up to the time of death, are all very, 
instructive. Sir William Gowers, in the latest edition of his 
text-book,’ still maintains, in opposition to Dr. Bastian and 
others, that after an acute lesion of the cord the knee-jerks 
may be abolished, but only for a few hours, in ‘consequence 
of “inhibitory shock,” but that if the lumbar centres are 
intact, they soon return. | 

In the above case, however; whilst the knee-jerks were 
absent for two weeks, the plantar reflexes were always 
elicited with ease, and it is difficult to assume that “ inhibi- 
tory shock” should abolish the deep reflexes whilst the 
superficial reflexes survive. Two weeks seems an unusually 
long time for mere “shock” to cause absence of reflexes. 
Moreover, the constant presence ‘of the plantar reflexes 
shows that the spinal centres below the lesion were still 


’ capable of excitation. Sir W. Gowers’s further contention 


that absence of the knee-jerks for more than a few hours 
indicates a “ parenchymatous inflammation,” or descending 


, myelitis, is not supported by our case. No such inflamma- 


tion was found in the dorsal or lumbar regions, and the cells 
of -the gray matter in those regions, on examination by the 


- Nissl method, showed no abnormality. 


The plantar reflexes were examined within a few hours 
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after the injury and showed marked extension of the hallux 
instead of the normal flexor response. At no time were the 
plantar reflexes absent. Thisis in complete accordance with 
the observations of Babinski,? subsequently corroborated by 
van Gehuchten,* Collier,’ and many others: On the nine- 
teenth day, however, both plantar reflexes were distinctly 
flexor in type, but ever afterwards they invariably gave an 
extensor response. The significance of the exception is not’ 
clear. It shows, however, that whilst in lesions of the 
pyramidal tract it is the rule to have an extensor plantar 
reflex, yet exceptionally a flexor responsé may be tempo- 
rarily: present. The abdominal reflexes could never be 
elicited at any time during the accident. 

, The superficial anal reflex, got by pricking the skin of the 
‘perineum, was investigated: on the twelfth day after the 
injury and found to be quite brisk, whilst the internal anal 
sphincter was quite lax and did not grasp the examining 
finger. Evidently the internal anal reflex is not to be 
classed physiologically along with the superficial anal reflex, 
since the former (non-striped muscle) may be paralysed, 
whilst the latter (striped muscle) survives. I have seen a 
similar loss of the internal anal reflex with preservation of 
the superficial anal reflex in a case of acute dorsal myelitis 
with flaccid paralysis of'the lower limbs, the knee-jerks re- 
maining normal; and, again, in a case of tabes with anss- 
thesia of the lumbar and sacral roots. I am not aware that 
this “ dissociated paralysis ” of the internal anal sphincter 
has hitherto been pointed out. 

The last reflex to which we shall refer is the cilio-spinal 
reflex. Although the lesion was above the point of emer- 
gence of the rami communicantes to the cervical sympa- 
thetic, yet the sympathetic on the thirty-seventh day still 
retained its excitability to cocaine. Evidently, therefore, no 
degeneration had occurred in the pupil-dilating fibres of the 

“sympathetic. The. only explanation which seems to offer 
itself, is that the pupil-dilating fibres traversed the narrow 
band of tissue uniting the upper and lower portions of the 
cord without interruption, for, as we see, the lesion was 
not anatomically quite a complete one. 
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The muscular paralysis in this case is of special import- 
ance from the point of spinal localisation. The focal lesion 
was one of the seventh cervical segment, and the anterior 


roots of the seventh.segment were the only ones which were 


afterwards found to be degenerated. Any muscles, there- 
fore, which retained their voluntary motor power with 
unaltered electrical excitability must be innervated from 
segments of the cord above the seventh cervical, whilst of © 
the muscles that remained paralysed, those whose faradic 
excitability was lost or diminished must be innervated from 
the destroyed seventh segment, and those with normal 


` faradic excitability must be innervated from the eighth’ 


cervical or from segments below it. It must also be borne, 
in mind that some muscles are represented in more than 
one segment of the cord, their motor nuclei in the anterior 
cornua having a considerable vertical extent. 

The following table of muscles, classified on the above ' 
principles, is instructive :— 


Deltoid 

Supinator Longus 

Biceps 

Pronators 

Supinators = 

Clavicular part of Pectoralis 
Major 

Latissimus Dorsi 

Extensors of Wrist 

Flexors of Wrist 


Not paralysed, and with 
normal faradic reac- 


tons Above seventh 


cervical segment 


At first paralysed, after- 

a wards recovered some 

Triceps motor power. Dimin~ 

ished faradic reac- 

‘ tions 
Common Extensors of Fingers 


(both sides) Totally paralysed, with 


Flexors of Thumbs (both sides) loss of faradic ex.| Seventh cervical 


Extensor Indicis, L ee yas segment 

Flexors of Fingers, L. citability 

Extensors of Thumb, L. 

Extensor Indicis, R: i 

Flexors of Fingers, R.. T tally paralysed, with 

Extensors of Thumb, R. eile er Merkur Bi 

Sternal part of Pectoralis Major Renee of faradie 

(both sides) 7 

Interossei (both sides) Aue Below seventh 
tally paralysed, with cervical se (7 

Thenar Muscles. Otally paraly: gmen 

Hypothenar Muscles l e faradic excita- T 


TRANSVERSE LESION OF 'THE SPINAL CORD 153 


Of the above list of muscles there is already considerable 
-evidence to show that ‚the deltoid, supinator longus and 
biceps (together with the rhomboids and supra- and infra- 
spinatus) are innervated chiefly from the fifth cervical seg- 
ment. The present case has no bearing upon the distribution 
of the fifth segment, but so far as the sixth and seventh 
segments age concerned, several important. points may be 
deduced. . 

According to the present views of most writers on this 
subject, the extensors of the wrist are to be grouped along 
_ with the extensors of the fingers at a common level situated 
one segment higher up in the cord than the spinal nuclei 
of the flexors of the wrist and flexors of the fingers, which 
latter are also stated to be associated together in the cord. 
Thus. Gowers® gives the segmental supply of those muscles. 
_as follows :— 
Triceps 
Extensors of Wrist = 0. 6 and C. 7. 
Extensors of Fingers 


: Flexors of Wrist BR A 
` Flexors of Fingers } = 0. T and C. 8. 


‘and Horsley” makes the following arrangement :— 


Triceps 5 = (07 
Extensors of Wrist and Digits | 7 | | 
Flexors of Wrist and Digits = 0. 8. 


Kocher,’ on the other hand, distributes the same muscles as 
follows :— 

Triceps ; 4 

Extensors of Wrist = 0.7. 

Flexors of Wrist 


Extensors of Fingers } __ 0.8 
Flexors of Fingers’ Re 


Thorburn’ gives the following arrangement :— 


Triceps = 0.6, 
Extensors of Wrist = ©. 7. 
Flexors of Wrist = C.8, R 


He does not locate the flexors and extensors of the fingers. 


Our results are at variance with the statements of all 
those writers. In the above case the extensors and flexors 
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of the wrist were unafiected from the outset, whilst the 
extensors and flexors of the fingers and thumbs were com- 
pletely paralysed. It is, therefore, beyond doubt that the 
correct grouping of those muscles is one which places the 
extensors and flecors of the wrist together and above the 
seventh cervical segment, whilst the extensors and flexors ' 
of the fingers and thumbs are at the seventh segment. 

Kocher, it is true, places the extensors and flexors of the 
wrist together at a level one segment higher than the ex- 
tensors and flexors of the fingers, but he localises the former 
‘at the seventh and the. latter at the eighth segment, whereas 
our case shows that such an arrangement is one segment too 
low, and that the extensors and flexors of the wrist really 
belong to the sixth cervical segment. 

Nextly as to the triceps muscle. Both Horsley and 
Kocher place that muscle in the seventh cervical segment 
only, whilst Thorburn places it in the sixth only. Our case, 
however, shows that since the muscle, after being at first 
totally paralysed, subsequently regained part of its motor 
power, it is probably represented both in the sixth and 
seventh segments. 

With regard to the pectoralis major, it is well known 
that the clavicular and sternal heads are really two distinct 
muscles. In our case the sternal head was paralysed, whilst 
the clavicular was unaffected. The sternal head of the ` 
pectoral muscle would therefore seem to be innervated from 
the seventh cervical segment, whilst the clavicular head is 
supplied by the sixth and piekabi by the fifth also, as 
stated by Gowers. 

The exact segmental level of the interossei cannot be 
determined from our case alone. So far as it goes, however, 
it tends to show that the spinal nucleus of the interossei 
is somewhat higher than that of the thenar and hypothenar 
muscles, since the faradie reactions of the interossei were 
diminished, whilst those of the thenar and hypothenar 
eminences were unaltered. 

To sum up: our case seems to point to the following 
arrangement being probably the correct one, so far as these 
‚particular muscles are concerned :— 
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Muscles. l Segments. 
Pectoralis Major :—Clavicular Head ... C. 5 and C. 6. 
Latissimus Dorsi _ : 
Extensors of Wrist | .. C. 6. 
Flexors of Wrist, 


Triceps ... Sas ... C. 6 and ©. 7 (chiefly C. 7). 
Extensors of Fingers 

Flexors of Fihgera ; 

Extensors of Thumb vans Ti 

Flexors of Thumb 

Pectoralis Major :—-Sternal Head 

Interossei ... Below C. 7. 

Thenar and Hypothenar Muscles ... Below Interossei. 


The limit of anesthesia in this case is of interest, inas- 
much as it showed considerable variations before settling 
down to its final boundary, shown in fig. 3. A curious 
point also was that the upper limit of the absolute anes- 
thesia, for the first twelve days at least (vide figs. 1 and 2), 
was much lower behind than in front. (After the twelfth 
day the anesthesia could no longer be mapped out on the 
back of the trunk, owing to the extension apparatus applied.) 
The significance of this is not clear. Whether it might 
have been due to the non-severance of a certain number of 
fibres of the posterior columns is open to question. But 
the ansesthesia was tested with care, and there can be ‘no 
doubt as to the fact. 

It will also be observed, from a comparison of the charts 
at different dates, that the upper limit of the slight anms- 
thesia at first corresponded to the seventh segment, whilst 
the absolute anesthesia was considerably below that. 
Eleven days later, the upper border of the slight anesthesia 
reached up to the sixth segment, whilst the absolute anss- 
thesia had mounted to the seventh. The subsidence of the 
anesthesia, which occurred later, to the seventh segment, 
indicates that the temporary increase of anesthesia above 
that level was probably due to some vascular or inflam- 
matory change in the sixth segment, which afterwards 
passed away. 

The permanent anesthesia (vide fig. 3) includes within 
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its limit the two ulnar fingers of each hand. It is important 
to note that in those fingers alone was there loss of ‘the, 
sense of position on passive movement. This would indicate 
that in a segmental anesthesia of the fingers the loss of 
joint-sense corresponds accurately in distribution with the 
distribution of the cutaneous anesthesia. This segmental 
arrangement of joint-anesthesia has apparently not been 
pointed out by previous observers. 

The patient’s temperature throughout was normal, except 
during the occasional occurrence of bronchitis, when it became _.. 

elevated to 103° or 104° F. For five days before death it was 

` persistently subnormal,-between 96° and 97° F. 


` 
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PROCEEDINGS OF THE NEUROLOGICAL 
. SOCIETY OF LONDON. 


Ar a Clinical Meeting held at 11, Chandos Street, W., 
on Thursday, March 15, 1900, at i 30 p.m., the following cases 
were shown :— 


Dr. F. E. Bee of congenital cerebellar defect. 


D. S., aged 4 years, was brought to the hospital because 
she could not walk. She was the first and only child, and 
instruments had been used at her birth. The mother had had 
no miscarriages, and had been in good health while carrying the 
‘child. The child has never had any illness; she did not beeen to 
uso her hands till she was 12 months old. 

When first seen, early in 1899, she was a well-nourished child 
with rather a large head. She was unable to walk but could 
support her weight, and always tended to fall backwards; 
afterwards, when taught to put her legs forward, she exhibited a 
markedly incoordinate gait. The knee-jerks were active, there 
was no rigidity of the legs, there was no ankle-clonus, and the 
plantar reflex gave a fairly regular extensor response of the great 
toe. The movements of the arms were also markedly inco- 
ordinate. The intelligence was good and the child could speak 
in a babyish way. She had a good deal of difficulty in swallowing, 
and, in consequence, had to be fed very slowly. There was: no 
nystagmus and the fundus was normal. The child was again 
seen in February, 1900, and was practically in the same con- 
dition except that the plantar reflex did not now give such a 
definite extensor response as when the child was first seen. The 
child’s back was quite normal. 


Dr. FARQUHAR BUZZARD.—A case of cerebral diplegia (under 
the care of Dr. T. Buzzard at the National Hospital). 

A female child, aged 14 months, Parents alive and healthy. 
The mother has had seven pregnancies, four of which have 
resulted in miscarriages at or before the fourth month. There 
are two healthy children and the patient is the result of the 
sixth pregnancy. No history of nervous disease in family. 
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Whilst pregnant of this child the mother was quite healthy 
' except for an affection of the throat causing loss; of voice during 
two months. Labour was easy but not precipitate. Child 
healthy at birth; no acute illness subsequently. A slight . 
deformity of foot was noticed at one month; since then a 
gradually progressive inability to move’all four extremities, with 
slight difficulty in swallowing and impairment of vision. Marked 
wasting recently. 

Present condition.— Weight, 8 Ibs. Microcephalic’ and under- ' 
sized. Marked optic atrophy with ho definite pathological 
changes in the retina. Retraction of head and opisthotonos ; 
generalised rigidity with extension of legs and flexion of arms. 
Feet dorsi-flexed and everted. Fingers flexed. 


Dr. Risien Russeuu.—(1) Case of functional wryneck, with 
clonic spasm of the palate. 


Female, aged 30 years, married. Is.seven months pregnant. 
Has previously borne healthy children. Came under observation 
about seven weeks ago complaining of a clicking noise which had 
existed in her head since last May.- Her head has also been 
twisted to the right, and drawn backwards; sometimes it has 
been twisted to the left. Her condition has made- her very 
miserable, the clicking noise has prevented her from sleeping 
properly, and she bas been losing flesh. No family history of 
nervous disease. No shock or worry preceded development of 
present condition, which consists in rapid clonic spasm of the 
palate, which is responsible for the clicking sound complained of, 
and which can be heard at some distance from the patient; and , 
torticollis, the chin being usually turned to the right, and the 
head drawn backwards. 

(2) Two cases of Thomsens disease (myotonia congenita) in 
a Hebrew brother and sister. No history of similar affection. 
of other members of the family. No known history of nervous | 
affections. The labours were natural; the children were not 
backward in walking and talking, and they have neither of them 
been subject to fits. 

(a) Male, aged 154 years. Poorly developed for his age. 
Natural until 5 years old, when present difficulty in performing 
movements was first noticed., Condition gradually became more 
pronounced. Always most marked on first getting up in the 
morning, when movements of arms, as well as those of legs, are 
hampered:by stiffness of the muscles. As successive movements ' 
are performed the stiffness becomes less and less marked. During 
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the day the ‘difficulty is chiefly noticed in the ae extremities, 
progression being hampered by the stiffness which always comes 
on when movements are first attempted after a period.of rest, 
and which are thẹ more, pronounced the longer the preceding 
period of inactivity. In him, as in his sister, the diffculty is 
best seen on attempting to mount a flight of stairs, the feat 


becoming more and more easy as they near the top. On closing 


the eyes tightly he has difficulty in opening them again, and after 
he flexes his fingers he can only relax the grasp slowly, in that 
the persisting contraction of the flexors prevents the full effect of 
the action of the extensors from being immediately realised. On 
withdrawing the tongue into the mouth after it has been pro- 
truded he experiences a stiff feeling in the organ. There is no 
permanent spasticity, and the tendon-jerks are natural. Tested 
by moderate currents the muscles show no notable alteration of 
the electrical reactions except that with galvanism A.C.C. is as 
readily obtained as R.C.C. , 

(b) Female, aged 5} years. Natural development. Pheno- 
mena similar, but less marked than in her brother. The condition 
was first noticed about the age of 4 years, and now, sixteen 
months since that time, is more pronounced than when she first 
came under observation about four months ago. The resulting 
stiffness is less marked than in her brother, and a longer 
preceding period of inactivity is required to allow of its becoming 

, manifest on attempts at movement. 


Dr. EDWIN Bramwenn.— Two cases of myasthenia. gravis 
‚(under the care of Dr. T. Buzzard at the National Hospital). 


(I.) Male, aged 40, schoolmaster. Illness began, seven 
years ago with weakness in ‘fingers of right hand; later, nasal. 
voice, ptosis, difficulty in swallowing. Five years ago legs and 
arms weak, diplopia, difficulty in coughing and mastication, 
attacks of dyspnea and palpitation. Fatigue, cold, and mental 
excitement all increase intensity of symptoms. 

State-—Intelligent man, indistinct nasal speech, upper and 
lower facial weakness on both sides, diplopia, right-sided ptosis, 
defective upward movement of eyes, external recti weak, pupils 
react perfectly, jaws easily tired, tongue moves freely, palate 
movements and reflex action poor. Weakness of neck, arm 
and leg muscles, no muscular atrophy or fibrillary tremor. 
Myasthenic reaction present, arm- -jerks poor, knee- jerks active, 


not exhausted by tapping. Benzation, sphincters, urine and 


other organs healthy. 
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(II) Female, ‘aged 24, housemaid. Ansemie for eighteen 
months, First symptom, weakness in legs one year ago; soon 
after developed weakness in arms, nasal speech, ptosis, diplopia, 
‘difficulty in mastication, coughing and swallowing. | 

Siate.—Double ptosis, ocular movements good, nystagmoid 
movements on lateral deviation, orbiculares palpebrarum very. 
‘weak, tongue and palate move well but are soon ‘exhausted, 
extremities weak, no atrophy, myasthenic reaction present, deep 
reflexes active, sensation and sphincters unaffected. 


Dr. James COLLIER.—A case of muscular atrophy in the upper 
extremities (under the care of Dr. Hughlings Jackson. at the 
National Hospital). u 

A woman, aged 23 years. A very marked family history of 
tuberculous disease. Weakness and wasting commencing in the 
hands and spreading to the fore-arms of fifteen months’ duration ; 
severe pain in hands running along ulnar borders of both upper 
extremities of six mionths’ duration; dull pain in lower cervical 
spine. : 
Spinal column natural. Great weakness and wasting in the 


thenar and hypothenar muscles, and complete paralysis of ` 


extensors of fingers. Extensors of wrist and the long extensor of 
the thumb escape. Slight anesthesia over the eighth cervical 


and first dorsal root areas. The muscular is slowly progressive. _ 


The patient presents no other physical signs. 


Ar the Pathological Meeting held at 11, Chandos Street, on 
‘Thursday, May 10, 1900; the following specimens were shown :— 
« Dr. Waxsun Barratt.—Sub-dural cyst compressing the 
` right hemisphere. 

Dr. F. E. Barren.—Series of mounted specimens of some of 
the grosser pathological changes met with in the nervous system. 


Dr. ALEXANDER Brocze.—Tumour of the third ventricle - 


associated with paralysis of conjugate movements of the eyes 
upwards and downwards, lateral movements being preserved. 

Dr. James Taytor.—Changes in the nerve-cells of the third 
and sixth cranial nerves from a case of ophthalmoplegia externa 
in which there were difficulties in articulation and swallowing. 

Dr. J. S. Conmrzr.—(1) Bone from a case of leontiasis ossea 
and photographs of the patient. 

(2) The skull from a case of syringo- -myelia simulating 
leontiasia ossea. ` 

(3) Endothelioma ‘of skull. 

+ 


“BRAIN. 


PART II, 1900. 
@riginal Articles and Clinical Gases. 


HYPNOTIC AND POST-HYPNOTIC APPRECIATION 
OF TIME; SECONDARY AND MULTIPLEX 
PERSONALITIES. 


BY J. MILNE BRAMWELL, M.B., C.M. 


I COMMENCED to employ hypnotism as a therapeutic 
agent in 1889, and in less than two years treated over 500 
patients ; of these 48 per cent. became somnambules, t.e., 
were unable when hypnosis terminated to recall the events 
of hypnotic life. Having observed that the curative effect 
of suggestion was increased by prolonged hypnosis, I fre- 
quently suggested to my patients that they were to remain 
in that state until a given hour—usually that of their next 
meal—and then left them. Although rarely present at the 
conclusion of the experiment, I obtained ample and. trust- 
worthy evidence that hypnosis invariably terminated at, or 
within a few minutes of, the hour indicated, and thus acci- 
dentally discovered that deep hypnosis was associated with 
an increased appreciation of time. These observations—the 
by-product of therapeutic work—led to more careful experi- 
ment with somnambules, the majority of whom were males 
and all in good health. The following were the usual 
suggestions given: (1) A simple act was suggested during 
hypnosis which was to be carried out at a given time 
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before that state terminated. (2) The subject was told 
during hypnosis that this state was to terminate at a 
specified future hour. (3) The performance of a simple 
act at a given hour after the termination of hypnosis was 
‘suggested. (4) Awakening from natural sleep at a given ` 
hour was suggested during hypnosis. (5) The subject 
was told in the waking state that he was to pass into the 
hypnotic condition at a given-hour, remain” hypnotised 
for a specified length of time and perform certain simple 
acts at stated intervals; then pass again into the normal 
state and remain in it for a specified time, and again pass 
into the hypnotic condition. These experiments, continued 
from 1889 to the present date, have been frequently repeated 
before competent observers. The majority of the sugges- 
tions were executed at the moment indicated, while in the 
remainder the error in time appreciation rarely exceeded five 
minutes. In every instance, except those referred to in, 
group No: 4, the subjects were carefully watched trom the. 
beginning to the end of the experiment. 

Similar phenomena have been observed by nearly all who 
have done practical hypnotic work, and I have seen experi- 
ments resembling those just cited reproduced in various _ 
` foreign cliniques. Two, formerly regarded as the most 
remarkable of their kind, were made by Beaunis and 
Liégeois. In one of these a visual hallucination appeared 
after a suggested interval of 172 days, and in the other after 
365. The late Professor Delbceuf, however, pointed out in 
reference to all such experiments that even in the longest 
a fixed date had been impressed upon the subject’s mind. 
Thus, Beaunis’ subject was told that the 172nd day was 
New Year’s Day, ,and Liégeois’ was impressed .by the 
fact that the suggestion was to be executed in a year 
from the time it was given. The experiments, therefore, 
did not involve the carrying out of a suggestion after 
the lapse of so many days, which the subjects were sup- 
posed to count as they passed, but simply on the arrival of 
a fixed. and easily recognised date. This objection applies 
with great force to my earlier cases. In every instance a 
specified hour was suggested ; and, in order that the subjects 
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might be conveniently watched, the time involved rarely 
exceeded a few hours. This point will be again referred to 
“in treating of the theoretical explanation of the appreciation 
of time. Meanwhile, I wish to draw attention to the ex- 
periments made by Delbouf with the object of eliminating 
an easily recognised fixed date from the suggestions. 


5% 
DELB&Ur’s EXPERIMENTS. 


These occupied a week, from Saturday, October 2, to Saturday, 
October 9, 1886. His subjects were his two maid-servants, J. 
and M., sisters, aged respectively 20 and 23. All the experi- 
ments were of a similar character; from time to time during 
` hypnosis the subjects were told that they were to do something 
at the expiration.of a certain number of minutes, an interval of 
waking life always intervening between the suggestion and its 
fulfilment :— 


Eap.* 1.—Sat., Oct. 2, 1886; subject J.; time 6 a.m. Sug.: 
At the expiration of 350 m. J. was to ask Delbceuf if she should 
harness the donkey. Delbcouf’s wife was ill and went out in an 
invalid carriage drawn by a donkey, but J. had nothing to do 
with it; thus her question would be unusual. Res.: The 
impulse to ask the question came into J.’s mind at the time it 
was due, but she successfully resisted it. 

Exp. 2.—Subject M.; time 8 a.m. Sug.: At the expiration 
of 350 m. M. was to ask Madame Delbeuf if she would like to 
go out. Under the circumstances the question would be an 
unusual one. Res.: At 1.50, the hour indicated, M. was impelled 
to ask the question, but as she happened to be in the village on 
an errand, was unable to do so. She returned at 2.30 and 
carried out the suggestion. 

Exp. 3.—Mon. ; subject J.; time 9.15 a.m. Sug.: In 900 m., 
ie. ab 12.15 a.m., J. was to go into the bedroom of one of 
Delbauf’s children and pull his ear. Res.: Suggestion carried 
out 95 m. too soon. 

Exp. 4.—Subject M.; time 9.25 a.m. Sug.: M. was to 
embrace Mile. H. Delboouf at the expiration of 700 m. Res. : 
Twenty-five m. before the suggestion fell due-M. looked for Mlle. 
H. Delboeuf in order to embrace her, but could not find her. 


* Exp. = Experiment. Sug. — Suggestion. Res. — Result, d.= days. 
b. = hours. m. = minutes. 
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Exp. 5.—Subject M.; time 10.4 p.m. Sug.: In 900 m. M. 
was to embrace Mlle: C. Delbceuf. Kes.: At the time indicated, 
-4.¢., 1.4 on Tuesday afternoon, M. was having her lunch with ‘ 
the other servants when she suddenly got up from the table, 
sought and found Mile. C. Delbcouf and carried out the 
suggestion. 

Exp. 6.—Tues. ; subject J.; time 6.30 a.m. Sug.: At the 
expiration of 1,600 m. J. was to pull the cook’s ngse. Res.: 
Suggestion carried out 60 m. too soon. 

Exp. 7.—Subject M.; time 6.45 a.m. Sug.: At the expira- 
tion of 1,150 m. (Wed., 1.55 a.m.) she was to go into the cook’s 
bedroom and pull her by the ear. (The cook was told what was 
likely to happen.) Res.: At the exact hour the subject had a 
strong impulse to ‘carry out the experiment, but resisted this 
until 4.15 a.m., when she gave in and went to the cook’s room. 
The cook laughed, whereupon M. said: “If you laugh I shall 
pull your ear.” , 

Exp. 8.-Wed.; subject J.; time 9.55 a.m. ‘Sug.: At the 
expiration of 1,300 m. (Th., 7.35 a.m.) J. was to ask Madame 
Delbceuf if she would like to have her hair dressed. Res.: 
Suggestion carried out 69 m. too soon. 

Exp. 9.—Subject M.; time 6.55 a.m. Sug.: At the expira- 
tion of 1,500 m. (Th., 7.55 a.m.) M. was to ask Madame Delbeuf 
if she required anything. Res.: Suggestion carried out with 
absolute accuracy. 

Exp. 10.—Friday; subject M.; time 6.30 a.m. Sug.: M. 
was to feel sleepy at 10 p.m.; go to bed and sleep profoundly. 
Res.: Correct. 

Exp. 11.—Subject J.; time 9.15 am. Sug.: At 11 pm. J. 
was to go into M.’s room and give her a complicated sugges- 
tion to be carried out at 5,30 next morning. Res.: J. went 
to bed at 10 p.m. in her own room and quickly fell asleep. 
At 10.50 p.m. (10 minutes foo early) she went to her sister as 
suggested, but could not afterwards recall what she had said 
or done. 

Exp. 12.—Subject M. Sug.: M. was to execute the orders 
just referred to at 5.30 a.m. She did nothing, however, beyond 
carrying out the first part of the suggestion, t.e., that she should 
go to bed and sleep profoundly, and was unable to remember 
whether her sister had said anything to her or not. 

Exp. 13.—Sat.; subject J.; time 9.30 a.m. Sug.: At the 
expiration of 3,300 m. J. was to ask 'Delbceuf if she should carry 
a small ladder to the pear tree. Bes.: The impulse to ask the 
question arose 90 m. too late, but J. did not give way to it. 
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Hap. 14.—Subject M.; time 10 a.m. Sug.: Similar to the 
last to be executed after a like interval. Res.: Identical with 
the above, but 90 minutes too soon. 


Summary. 


There were in all fourteen experiments. The ER to 
be carried out after the lapse of 850, 900, 1,600, 1,150, 1,300 and 
3,300 minutes respectively, were made at varying hours of the 
day and night, while some fell due at ne after the lapse of 
several days. 


Resulis. 


Three of the suggestions were fulfilled at the moment they 
fell due; four were carried out, but not at the exact time. In 
three an impulse to carry out the suggestion arose at the right 
moment. In one of these, the subject successfully resisted the 
suggestion, in another, she was accidentally prevented from exe- 
cuting it, while.in the third, she struggled against it for two 
hours and twenty minutes and then carried it out. In three, the 
impulse to carry out the suggestion arose, but not at the correct 
time. In one of these cases accidental circumstances alone pre- 
vented the suggestion from being carried out, but in the two 
others, the subject successfully resisted it. One alone, No. 12, 
failed completely, but this may have been due to the fact that 
No. 11 was not fulfilled in its entirety, 2.e., it is doubtful whether 
J. gave the requisite orders to M. As, however, the essential 
fact in the experiments was not the actual carrying out of trivial 
and sometimes absurd suggestions, but the patient’s recognition 
of the terminal time, the cases in which an impulse ‘arose at the 
correct moment must be classed amongst the successes. The 
number of these is thus raised to six, while of the eight remain- 
ing experiments seven were partially successful. Of the latter 
four were carried out and an impulse to execute the suggestion 
arose in the other three, but in none was the time accurate; the 
error varied from a tenth to a thirty-seventh of the interval. 


Remarks. 


J. and M. were strong healthy peasant girls, who had 
frequently been hypnotised and were both good somnambules. 
At an earlier date, Delbceuf had made the following experiment 
with J. After explaining what he proposed to do, and obtaining 
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her consent in the waking state, he hypnotised her, extended her 
arms on a table, and suggested that the right should be insensible 
to pain. Each arm was then’ burnt with a red-hot bar of iron, 
8 millimetres in diameter, the extent and duration of its applica- - 
. tion being identical in both, but there was pain in the left arm 
alone. The burns were bandaged and J. sent to bed. During 
the. night the pain in the left arm continued, and next morning 
there was a wound on it, 3 centimetres in diameter, wéth an outer 
circle of inflamed blisters. ‘On the right there was only a defined 
eschar, the exact size of the iron and without inflammation or 
` redness. The day following the left arm was still more painful 
and inflamed; analgesia was then successfully suggested, when 
the wound soon dried and the inflammation disappeared. 

Later J. married and was 29 years of age when her first 
child was born. She was attended by Dr. Fraipont, Lecturer of 
Gynecology at the University of Liege, while Delboeuf induced 
hypnosis and made suggestions of analgesia. When J. was 
aroused from the hypnotic state, after the birth of the child, she 
‘was unable to recall anything that had occurred. 

J. and M. were very imperfectly educated and could with 
difficulty tell the time by the clock. It was impossible for them 
to at once reduce such a large number of minutes as 400 into 
hours and they were obliged to proceed by successive additions, 
‚thus :—1 hour = 60 minutes; 1 hour and 1 hour makes 60 + 60 = 
120; 120 + another hour makes 180, and so on. Before reaching 
360 they had often made mistakes, and, no matter what method 
they: adopted, were absolutely incapable of reducing such numbers 
as 1,600 and 1,150 minutes into hours. Further, supposing they 
recalled the suggestion on the termination of hypnosis and- noted 
‚what o'clock it was—which they neither did nor could do—they 
would still, for example, have to determine by mental calculation 
the hour which corresponded to 6.45 p.m., increased by 1,150 
minutes, a feat entirely beyond their powers. 

Later, in order to discover whether J.’s hypnotic arithmetical 
powers exceeded her normal ones, Delbceuf put the following 
problems to her during hypnosis :—(1) “ Turn 350 minutes into 
hours.’ Answer: ‘Six hours. No, five and a half hours.” 
(2) “ Turn 1,200 minutes into hours.” A. “ Fifteen hours. No, 
twelve and a half hours.” (3) “Turn 150 minutes into hours.” 
A. “Two and a half hours.” (4) “ Turn 240 minutes into hours.” ’ 
A. “Two hours.” “Think!” Answer, after two minutes, 


’ . “Four hours.” (5) “Turn 300 minutes into hours.” Answer, 


after five seconds’ caleulation, “Four and a half hours.” Then, 


p 
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after a further calculation, “Five and a half hours.” Finally, 
“Five and three quarter hours.” Delboouf asked J. to éxplain 
the last calculation to him. She replied: “This makes five and 
a half hours plus 3 times 10, which makes five and a half hours 
exactly.” Delbosuf tried to help J. as follows :—‘‘ How much is 
60 + 60?” Answer, ‘120 minutes.” “120+ 60?” A. “180 
minutes.” ‘180+ 60?” Answer, after a long hesitation, “ 240 
minutes.” #240 +60?” A. “290 minutes.” J. had spent ten 
minutes over attempting to solve the last problem and showed 
great signs of fatigue. Delbceuf did not consider it necessary to 
push the questions further. It is to be noted that M. was a 
somewhat better arithmetician than J., and that, in the experi- 
ments referred to, her results were more accurate than J.’s. 


FURTHER TIME EXPERIMENTS. ` 


The following were inspired by Delbceuf’s, and the 
results were so remarkable that I feel justified in giving as 
many details as possible, in order to present a fairly com- 
plete picture of the subject of the experiments, and of the 
circumstances under which they were carried out :— 


Miss A., aged 19, was sent to me by Dr. de Watteville for 
hypnotic treatment, on Sept. 2, 1895. Her health had been good 
up to twelve months previously, when violent muscular tremor 
of the right arm and hand commenced. After a few weeks this 
spread to the right leg, and then to the left arm and leg; the 
tremor ceased during sleep, but only then, while walking was 
always difficult and painful. There was almost constant diffused 
headache. During the last four months, there had been frequent 
attacks of pain in the region of the heart. After the patient had 
looked at a bright object—especially anything blue—everything 
else appeared of that colour; this impression’ persisted for 
about an hour, while its disappearance was always sudden and 
accompanied by a feeling of faintness. Menstruation began at 
11, and was always painful, and there had been obstinate con- 
stipation from infancy. Her illness began after over-exertion and 
mental strain, the result of nursing a relative who died. There 
had been no previous hysterical symptoms and the family history 
was good. — l 
Treatment. —Electricity, massage, careful drugging and change 
of air. 5 

‚Resuli.—No improvement. 
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I succeeded in inducing fairly deep hypnosis at the first 
attempt ; and this was repeated on September 4, 5, and 6, when 
the tremor almost entirely disappeared. From then to October 30 
she was hypnotised on seven occasions. Res.: No tremor or 
other morbid symptoms. Bowels regular. Last period free from 
pain. Fourteen pounds gained in weight since beginning of treat- 
ment. No abnormal colour perceptions. Returned to work. 

Remarks.—Hypnosis became more profound eack time it was 
induced, and at the seventh séance Miss A. reached the stage of 
somnambulism, t.e., she was unable in the normal state to recall 
the events of hypnotic life. From this date she could at once 
be made analgesic or anæsthetic by suggestion; touching the 
cornea or tickling the back of the throat with a feather produced 
no reflex, and the passing of a needle deeply into the flesh was 
unattended by pain. 

During treatment suggestions had been made fixing the hour 
at which Miss A. was to fall asleep at night and the moment at 
which she was to wake in the morning. As these were remark- 
ably successful, it occurred to me that she might prove a good 
subject for experiments similar to those of Delbauf. : Miss A. 
was an intelligent girl who had received an ordinary School- 
board education, and her arithmetical powers were in keeping 
with this; she could do ordinary sums in multiplication and sub- 
traction with the aid of a pencil and paper, but failed, unless 
they were extremely simple, to solve them mentally. Notwith- 
standing this, she asserted that she had been the best in her 
class at mental arithmetic. She possessed no particular aptitude 
for appreciating the passage of time. 

Hap. 1.—Nov. 5, 1895; time 4 p.m. Suggestion given during 
hypnosis: At the expiration of 5h. and 20 m. Miss A. was to 
make a cross on a piece of paper, and write down the time she 
believed it to be without looking at clock or watch.—Res.: The 
suggestion was carried out the minute it fell due. Remarks : 
On this occasion I did not say anything to Miss A. about the 
experiment, either before or after hypnosis, and, being a somnam- 
bule, she retained in her waking consciousness no recollection of 
the suggestion. I told her mother its nature, but not the time at 
which it should be fulfilled. At 9.15 the same evening her mother 
noticed that Miss A. was restless, and asked her what was the 
matter. She replied, ‘‘I feel I must do something, but cannot 
tell what.” At 9.20 p.m. she rapidly made a cross with a pencil 
and wrote “ 20 minutes past 9” on a piece of paper, at the same 
time saying, “Its all silliness.” There was no clock in the 
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room, but her mother went into the next room where there was 
one, and found that the time was 9.20. When I again saw Miss 
A., I explained the nature of the experiments I proposed making, 
and instructed her to.carry a pencil and paper during the day and 
to put them by her bedside at night. I did not describe the experi- 
ments as anything extraordinary, but simply told her that hypno- 
tised subjects were often able to appreciate time, and that I 
wished to see whether she could do so. No pecuniary or other 
reward was promised or given. I told her I should make these 
suggestions from time to time, but not on each occasion she 
‚ visited me. I neither told her in the waking condition that sug- 
gestions had been made, nor informed her relatives when I made 
them, nor what they were. They knew that suggestions of this 
nature were given frequently, but only became acquainted with 
them by seeing Miss A. carry them out, or by hearing from her 
that she had done so. Before making the suggestions, I wrote 
them down in my case book, and, when Miss A. again visited me, 
I copied into it what she had written on the different pieces of 
paper. In many instances I did not calculate when the sugges- 
tions fell due, and in others the calculations I made at the time 
were proved to be erroneous, the results of the experiments 
in these cases being only determined when the series was 
completed. 

The experiments which followed were all of the same character, 
ie., during hypnosis Miss A. was told that, at the expiration of a 
certain number of minutes, she was to make a cross and write 
down the hour she believed it to be without consulting the clock, 
an interval of waking life always intervening between the sugges- 
tion and its fulfilment. The simple and uniform character of my 
experiments is due to the fact that Delbouf’s subjects resisted 
suggestions that were distasteful to them. The idea of making a 
cross on a piece of paper excited no opposition in Miss A.’s mind, 
while the fact that she recorded in writing the time at which the 
suggestion was fulfilled, especially when this was witnessed by 
others, put me in possession of evidence of a certain value. The 
arithmetical problems involved in the first one or two of the fol- 
lowing experiments were comparatively simple. In No. 3, for 
example, as Miss A. could easily tell when 24 hours fell due, the 
suggestion practically resolved itself into one to be fulfilled in 
100 minutes. Soon, however, the experiments became compli- 
cated and involved much more difficult problems in arithmetic. 

Exp. 2.—Nov. 28, 1895; 2p.m. Sug.: to be fulfilled in 320 
m. Res.: Correct. Remarks: The suggestion was carried out 
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at 7.20 p.m. when the patient was in a friend’s house. She had 
no watch with her and the clock in the room was wrong. 

Bap. 3.—Dec.4; 3.15pm. Sug.: in24h.and100m. Res.: 
Correct. Remarks: When in a friend’s house the following 
afternoon she carried out the suggestion at 4.55. She then asked 
the time. Her friend looked at her watch and told her, where- 
upon she remarked, “ Your watch is 3 minutes fast.” This was 
the case. . 

Exp. 4.—Dee. 12; 3.20 p.m. Sug.: in24h. 1,440 m. Res.: 
3.20 p.m. Sat., Dec. 14: Correct. 

Exp. 5.—Wed., Dee. 18; 3.45 p.m. Sug.: in 24 h. 2,880 m. 
Res. : 3.45 p.m., Sat., Dec. 21: Correct. 

Exp. 6.—Tues., Dee. 24; 2.55 p.m. Sug.: in 30 h. 50 m. 
Res. : 9.45 p.m., Wed., Dec. 25: Correct. 

Exp. 7.—Tues., Dec. 24; 3.10 pm. Sug.: in 7,200 m. 
. Bes. : 3.10 p.m. Sun., Dec. 29; Correct. Remarks: When No. 
_ T was fulfilled the patient was teaching a Sunday school class, 
when she suddenly felt an impulse to make a cross and mark the 
time. It was only after doing so that she looked at the clock, 
which was behind her. 

Hap. 8.—Tues., Dee. 31; 3.45 p.m. Sug.: in 4,335 m. 
kes. : 4 p.m. Fri., Jan. 3, 1896 : Correct. 

Exp. 9.—Dee, 31, 1895; 4 p.m. Sug.: in 11,525 m. Res.: 
11.5 a.m., Wed., Jan. 8: Wrong. Remarks: ‚The result ought 
to have been 4.5 p.m., Jan. 8. I re-hypnotised Miss A. on that 
day and asked her to recall the suggestion I had made on Dec. 
31. She said it was to be executed in 11,225 m.; it is possible 
that I had made a mistake, but not at all likely, as I read the 
suggestion to her with the figures before my eyes. The supposed 
suggestion of 11,225 m. had been carried out correctly. 

I now attempted to find out during hypnosis the patient's 
mental condition in reference to these suggestions. In reply to 
my questions she informed me :—(1) That when the suggestions 
were made in hypnosis she did not calculate when they fell due; 
(2) That she did not calculate them at any time afterwards 
during hypnosis. (8) That she had no recollection of them when 
hypnosis terminated. (4) That no memory of them ever after- 
wards arose in the waking state. (5) That shortly before their 
fulfilment she always experienced a motor impulse, te., her 
fingers moved as if to grasp a, pencil and to perform the act of 
writing. (6) That this impulse was immediately followed by the 
idea of making a cross and writing certain figures. (7) That she 
never looked at clock or watch until after she had made her 
record. 
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Experiments, Wed., Jan. 8, 1896.—No. 10: 4.5 p.m. Sug.: 
in 4,417 m.—No. 11: 4.5 p.m. Sug.: in 11,470 m.—No. 12: 
4,30 p.m. Sug.: in 10,070 m. ‘ 

As Miss A. stated in hypnosis that she made no calculations, in 
order to vary the experiments I asked her, as soon as I made the 
suggestions and before terminating the hypnosis, to calculate 
when they would fall due and tell me the result. She replied as 
follows: No. 10, in 3 d. 87 m., or 23m. to 5 next Saturday 
afternoon.—No. 11, in 187 h. 50 m., or 7d. 9h. 50m. Next 
Wednesday morning at 5 m. to 12. —No. 12, in 1,067 h. 40 m., or 
6d. 23 h. and 40 m. 4.20 pm. next Wednesday. 

Miss A.’s calculation in No. 10 was 1 h. 5 m. too early. The 
interval (which was 1 h. too short) having apparently been calcu- 
lated from 4 o’clock, instead of 4.5 p.m. In No. 11 her calcula- 
tion was 1d. 3h. 20 m. too early. Here (1) 11,270 was taken 
instead of 11,470, and hence the interval was calculated to be 
187 h. 50 m.; equalling 7 d. 19 h. 50m. (2) 7d. 9 h. 50 m. was 
given instead of 7 d. 19 h. 50 m. The time falling due was then 
caleulated-with this interval (7.19.50), but (3) a mistake of 1 d. 
was made. 

In No. 12 her result was correct, but did aos correspond with 
her calculation. 10,070 m. equals 167 h. 50 m., not 1,067 h. 
- 40m. Here (1) a cypher was wrongly inserted and (2) 40 m. 
miscalculated for 50. The latter error was repeated when 6 d. 
23 h. 40 m. was given me of 6 d. 23 h. 50 m.—Res.: No. 10, 
Sat., Jan. 11, 5.42 p.m.: Correct.—No. 11, Thur., Jan. 16, 3.15 
p-m.: Correct.—No. 12, Wed., Jan. 15, 4.20 p.m. : Correct. 


Remarks. 


As the subject had wrongly calculated during hypnosis 
the time the suggestions fell due, I concluded that she had 
thus fixed these dates in her own mind and would carry out 
the experiments in accordance with them. My astonish- 
ment was great when they were execüted correctly. I re- 
hypnotised Miss A. and said to her, “ You did not carry out 
these suggestions at the hours you told me they would fall 
due. Why was this?” She replied, “ What I told you was 
all wrong.” ‘‘ How do you know the other results are right?” 
“I can’t tell you, I only feel that ‘they are.” Further ques- 
tioning elicited no memory of the processes by. which the 
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original mistakes had been correeted. Miss A. assured me 
that she had never thought of the suggestions from the time 
they were made; she simply fulfilled them in response to an 
impulse to write down the figures, and’ while doing so, 
neither recalled her calculations nor even the suggestions 
themselves. : . 
When No. 12 was fulfilled, Miss A. had been hypnotised 
in my room for an hour and had had no opportunity of con- 
sulting the clock. Exactly at 4.20, without waking or open- 
ing her eyes, she said she had to make a cross and put down 
the time—this was preceded by the movement of the fingers 
already described. From this date I arranged that some of 
the experiments should fall due when Miss A. visited me, 
but not, it is important to note, every time she came. They 
were fulfilled either in the normal waking state or in hyp- 
nosis, and Miss A. recorded them herself in my case book. 
I then at once compared her figures with the actual time and 
entered the result, this being nearly always witnessed and 
signed by others. From this date several suggestions were 
made at each séance. In some cases, the same’ hour was 
given as the starting point of all the experiments ; in others, 
` varying and even imaginary ones were chosen. In the 
latter case, the subject was told the actual time, but ordered 
to carry out the experiment from, say, 2.15 p.m. of the 
previous day. 


Experiments, Wed., Jan. 15, 4.45 p.m.—No. 13, from 4.45 
p.m. Sug.: in 4,453 m.—No. 14, from 2 p.m. Sug.: in 
10,470 m.—No. 15, from 2 p.m. Sug.: in 10,060 m. 

At the time the suggestions were made the patient was again 
asked in hypnosis to calculate when they would fall due and 
replied rapidly :—“ No, 13, in 722 h. and 33 m., or 11.15 p.m. 
next Wednesday.” ‘No. 14, in 197 h. and 30 m., or 4.5 p.m. 
next Wednesday.” “No. 15, in 8 d., 5 h. and 30 m., or 4.25 
p.m. next Wednesday.” 

In No. 18, Miss A.’s calculation was 4 d. 4h. 17 m. too late. 
4,453 m. equals 74 h. 13. m., not 722 h. 33 m. Perhaps 4,453 
was mistaken for 43,353 equalling 722 h., 33 m. The time of 
falling due had been calculated from the interval of No. 14. 

In No. 14, her calculation was 4 h. 25 m. too early. 10,470 m. 
equals 174 h. 30 m., not 197 h. 30 m. The time of falling due 
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was also wrong. There is no explanation for either of these 
independent errors. 

In No. 15, her calculation was 1 h. 45 m. too Take: The 
wrongly calculated interval, 8 d. 5h. 30 m., corresponded to the 
wrongly calculated 197 h. 30 m. of No. 14; this interval had 
apparently remained in the mind. The time of falling due had 
been calculated with 4.45 as initial time, as in No. 18, instead 
of 3.0. s 

Results.—No. 13, Sat., Jan. 18, 6.58 p.m. Correct.—No. 14, 
Wed., Jan. 22, 8.80 p.m. Correct.—No. 15, Wed., Jan. 22, 2.40 
p.m. Correct. 

Remarks.—Again the subject's miscalculation did not affect 
the accuracy of her results, and questioning in hypnosis again 
failed to revive any memory of the processes by which these had 
been reached. 

Experiments, Wed., Jan. 22, 4.5 p.m.—No. 16. Sug.: in 
20,180 m.—No. 17. Sug.: in 20,160 m.—No. 18. Sug.: in 
20,140 m. Miss A.’s calculations in hypnosis. ‘No. 16, in 
336 h. 20 m., or 13d, 20 m. Tues., Feb. 4, at 4.25 p.m.” 
“No. 17, Tues., Feb. 4, at 4.5 p.m.” ‘ No. 18, Tues., Feb. 4, at 
8.45 p.m.” In each instance these calculations were 1 d. too 
early, but in No. 16, 20, 180 m. was correctly given as 336 h. 20 m. 

Results. —No. 16, Feb. 5, 4.25 p.m. Correct.—No. 17, Feb. 5, 
4.5 p.m. Correct.—No. 18, Feb. 5, 3.45 p.m. Correct. 

Remarks.—On Wed., Feb. 5, I hypnotised Miss A. at 3 p.m. 
At 3.45, without passing from the hypnotic state, she made a 
cross and wrote down the correct time. I aroused her at 4 
o’clock and she carried out the remaining experiments correctly 
at 4.5 and at 4.25. 

Experiments, Wed., Feb. 5, 4 p.m.—No. 19. Sug.: in 10,050 
m.—No. 20. Sug.: in 10,080 m.—No. 21. Sug.: in 10,090 m.— 
No. 22. Sug.: in 840 m.—No. 23. Sug.: in 900 m. 

Miss A.’s calculations in hypnosis: “No. 19, Wed., Feb. 12, 
3.30 p.m.” ‘No. 20,'Wed., Feb. 12,4 p.m.” “No. 21, Wed., 
Feb. 12, 4.10 pm.” “No. 22, Thur., Feb. 6, 6 a.m.” “No, 
93, Thur., Feb. 6, 7 a.m.” 

The above, made almost immediately, were correct in every 
instance. 

Resulis.—No. 19, Wed., Feb. 12, 3.30 p.m. Correet.—No. 20, 
Wed., Feb. 12, 4 p.m. Correct.— No. 21, Wed., Feb. 12, 4.10 
pm. Correct.—No. 22, Thur., Feb. 6,6a.m. Correct.—No. 23 
Thur., Feb. 6, 7 a.m. Correct. 

Remarks.—When Miss A.’s mother went to her bedroom on 
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` the morning of the 6th, she found her asleep and two pieces of 
paper on a table by the bedside. On each was a rough cross; 
‘on one the figure 6, on the other 7, both very badly written. 
Miss A. said she had not awakened during the night. 

The other suggestions were carried out during hypnosis in 
my room, the time being marked by Miss A. in my note book 
and witnessed by others. 

The five suggestions were given rapidly one adter the other. 
These, and similar complicated ones, were never read fo the 
subject more than twice, and sometimes only once. 

Ire-hypnotised Miss A. and questioned her about the sugges- 
tions which had been carried out during the night, presumably 
in natural sleep. She told me she remembered nothing about 
them, and afterwards, when suggestions were again carried out 
in natural sleep, her memory was equally at fault. 

Experiments, Wed., Feb. 12.—No. 24, 3.30 p.m. Sug.: in 
2,220 m.—No. 25, 3.30 p.m. Sug.: in 2,285 m.—No. 26, 3 p.m. 
Sug. : in 10,115 m.—No. 27, 3 p.m. Sug.: in 10,150 m.—No. 
28,4 p.m. Sug.: in 20,190 m. 

Miss A.’s calculations in hypnosis: “No, 24, in 18h. and 
40 m., or 10.10 to-morrow morning.—No. 25, to-morrow morning 
at 11.15.—No. 26, next Wednesday at 25 m. to 4 p.m.—No. 27, 
next Wednesday at 5.30 p.m.—No. 28, a fortnight and half an 
hour.” 

, The answers to Nos. 26, 27, 28, were given immediately. In 
No. 24, Miss A.’s calculation was 18 h. and 20 m. too early, but 
would have been correct if the interval suggested had been 1,120, 
instead of 2,220 m. In No. 25, her calculation was 18 h. 20 m. 
too early, but would have been correct had the suggested interval 
been 1,185, instead of 2,285 m. In No. 26, her caleulation was 
correct. In No. 27, her calculation was 1 h. 20 m. too late. 
Here the interval seems to have been taken as 7 d. 150 m., 
instead of 10,150 m. , In No. 28, her calculation was correct as 
far as it went, but the exact time of fulfilment was not given. 

At the time I made the suggestions I also calculated when 
they would fall due, thus: No. 24, Feb.14,5a.m. Wrong; half 
an hour too late.—No. 25, Feb. 14, 6.5 a.m. Wrong; half an 
hour too late.—No. 26, Feb. 19, 3.35 p.m. Right.—No. 27, Feb. 
19, 4.10 p.m. : Right.—No. 28, Feb. 26, 4.25 p.m. Wrong; 5 m. 
too soon. i 
. ‚Res.: No. 24, Fri., Feb. 14, 4.30 a.m. Correct.—No. 25, 

Fri., Feb. 14, 5.35 a.m. Correct.—No. 26, Wed., Feb. 19, 3.35 
p.m. Correct.—No. 27, Wed., Feb. 19, 4,10 p.m. Correct. No. 
28, Wed., Feb. 26, 4.30 p.m. Correct. 
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Nos. 24 and 25 were fulfilled during sleep. On the 14th Miss 
A., on awaking, found papers by her bedside with 4.30 and 5.35 
written on them. On the 19th she was hypnotised in my room 
at 3 p.m., and carried out Nos. 26 and 27 while in hypnosis. On 
both oecasions she wrote the time in my note book, and this was 
witnessed. I asked her during hypnosis if she remembered my 
last suggestion (No. 28), made the previous week. She said she 
did and repeated it correctly, but stated she had never thought of 
it since, and did not know when it would fall due, or the number 
of minutes that had elapsed since it was given. She had ‘ap- 
parently forgotten that, when the suggestion was given, she had 
calculated when it would fall due. No. 28 was executed 
correctly during hypnosis on February 26. 

Haperiments, Wed., Feb. 19.—No. 29, 3.30 p.m. Sug.: in 
720 m.—No. 30, 3.30 p.m. Sug.: in 780 m.—No. 31, 3.30 p.m. 
Sug.: in 2,160 m.—No. 32,3 p.m. Sug.: in 10,135 m.—No. 38, 
3p.m. Sug.: in 20,210 m. f 

Miss A.’s calculations in hypnosis: These, with the exception 
of No. 32, were all correct, and her replies were almost instanta- 
neous. No. 32 was said to be due at 2.5 p.m. on Wed., Feb. 26. 
This was 1 h. 50 m. too early, and represented an interval of 7 d. 
less 55 m., instead of 7 d. plus 55 m. 

Res.—No. 29, Thur., Feb. 20, 3.30 a.m. Correct.—No. 80, 
Thur., Feb. 20, 4.30 a.m. Correct.—No. 31, Fri., Feb. 21, 3.30 
a.m. Correct.—No. 32, Wed., Feb. 26, 3.55 p.m. Correct.— 
No. 33, Wed., Mar. 4, 3.50 p.m., was written down at 3.48. The 
calculation, therefore, was correct, but the time appreciation Q m. 
too early. 

Remarks.—On awaking at 7 o’clock on the morning of the 

: 20th, Miss A. found a piece of paper with 3.30 marked on it, 
and another with 4.30. On thé morning of the 21st she found a 
piece of paper with 3.30 marked on it. She had no recollec- 
tion of waking during the night, and, as usual, questioning in 
hypnosis failed to revive any memory of what she had done. 
The. other suggestions were fulfilled in my room and witnessed 
by others. 

Experiments, Wed., Feb. 26, 3.30 p.m.—No. 34. Sug.: in 
9,140 m.—No. 35. Sug.: in 3,590 m.—No. 36. Sug.: in 5,030 
m.—No. 37. Sug.: in 10,126 m.—No. 38. Sug.: in 10,100 m. 
—No. 39. Sug.: in 20,180 m. 

Res.: No. 34, Fri., Feb. 28, 3.10 a.m. Correct.—No. 35, 
Sat., Feb. 29, 3.20 a.m. Correct.—No. 36, Sun., Mar. 1, 3.20 
a.m. Correct.—No. 27, due Wed., Mar. 4, ab 4.15 p.m., was not 
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recorded.—No. 38, Wed., Mar. 4, 3.50 p.m., was written down.at 
3.48. Calculation therefore correct, but time appreciation 2 m. too 
early.—No. 39, Wed., Mar. 11, 3.50 p.m., was written down at 
3:514. Calculation therefore correct, but time appreciation 14 m. 
too late. 

Remarks.—These suggestions were only read to Miss A. once; 
she was then asked to repeat them, and did so correctly, with the 
exception of No. 37. She was told not to make any,calculations. 
Nos. 34, 35 and 36 were executed during sleep, and the papers, 
as usual, were found at Miss A.’s bedside in the morning. It is 
to be noted that 3.50, March 4, the terminal time of No. 38, was 
also the time at which another suggestion, made a fortnight 
before, fell due, and which has already been recorded in its 
proper place. Miss A. stated at 3.48 that she had to make two 
crosses and to put down 8.50 twice. No. 37, due at 4.15 p.m., 
Wednesday, March 4, I have no record of. I am not certain 
whether this was my fault or Miss A.’s; I was hypnotising 
another patient when the suggestions were fulfilled, and I might 
well have omitted to enter that one; on the other hand, Miss A. 
might have failed to carry it out. Three suggestions fell due very 
quickly, and one of them, as we have seen, belonged to another 
series. When suggestions were made to fall due in a fortnight 
and I saw the patient in the week between, I sometimes ques- 
tioned her in hypnosis as to the unfulfilled ones; she always 
assured me that she had never thought of them, did not know 
how much of the time had elapsed, nor when they fell due. 

Experiments, Wed., Mar. 4, 3.45 p.m.—No. 40. Sug.: in 
10,080 m.—No. 41. Sug.: in 10,055 m.—No. 42. Sug.: in 
10,040 m.—No. 48. Sug.: in 750 m.—No. 44. Sug.: in 2,160 
m.—No. 45. Sug.: in 2,195 m.—Res.: No. 40, Wed., Mar. 11, 
3.45 p.m., was written down at 3.44. Calculation correct; time 
appreciation 1 m. too soon.—No. 41, Wed., Mar. 11, 3.20 p.m., 
was written down at 3.22. Calculation correct ; time appreciation 
2 m. too slow.—No. 42, Wed., Mar. 11, 3.5 p.m, Correct.— 
No. 48, Thur., Mar. 5, 4.15 a.m., during sleep. Correct.—No. 44, 
Fri., Mar. 6, 3.45 a.m., during sleep. Correct.—No. 45, Fri., 
Mar. 6, 4.20 a.m., during sleep. Correct. 

Remarks.—W hen these suggestions were given Miss A. was not 
asked to calculate when they would fall due. Mr. Barkworth and 
Dr. Barclay were present when Nos. 40, 41 and 42 were fulfilled. 

At this séance, March 11, fresh suggestions were made under the 
following conditions. Mr. Barkworth and Dr. Barclay were both 
put en rapport with Miss A., and it was agreed that they should 
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each make two time suggestions, arranged so as to fall due at 
the next séance, when they promised to be present. These were 
given when I was out of the room, and I was not told what 
they were until after their fulfilment. The suggestions were as 
follows :— - 

Experiments, Wed., Mar. 11, 4 p.m.—No. 46. Sug.: in 
21,400 m.—No. 47. Sug.: in 21,420 m.—No. 48. Sug.: in 
21,428 m.—No. 29. Sug.: in 21,434 m.—Res.: No. 46, Thurs., 
Mar. 26, 12.40 p.m., was written down at 12,38. Calculation 
correct, time appreciation 2 m. too early.—No. 47, Thur., Mar. 
26, 1 p.m., was written down at 12.59. Calculation correct, time 
appreciation 1 m. too early.—No. 48, Thur., Mar. 26, 1.8 p.m. 
‘Correct.—No. 49, Thur, Mar., 26, 1.14 p.m. Correct. 

Remarks.—Miss A. was hypnotised at 12.30 p.m. on Thurs- 
‘day, March 26, and carried out the suggestions while in that 
condition. Mr. Barkworth and Dr. Barclay were both present 
and checked the time records, None of us, however, had any 
idea whether the experiments were correctly carried out or not, 
as Mr. Barkworth and Dr. Barclay had mislaid their notes and 
were unable to recall the suggestions they had given. Miss A. 
was roused from the hypnotic state and, as usual, remembered 
nothing of the suggestions. She was then re-hypnotised, asked to 
recall them, and replied as follows: “ They were made at 4 p.m. 
last Wednesday week and were to be fulfilled in 21,400, 21,420, 
21,428 and 21,434 minutes. Mr. Barkworth and Dr. Barclay 
gave two suggestions each.” Miss A. stated that she had made 
no calculation at the time and had not thought of the suggestions 
afterwards. On April 22, Dr. Barclay sent me the lost memo- 
randum of his two suggestions, viz., 21,428 and 21,434 minutes 
from 4 p.m. on the day already mentioned. On April 27, Mr. 
Barkworth wrote to tell me that he also had found his lost 
memorandum, and that the suggestions were 21,400, 21,420, 
21,428 and 21,434 minutes, the first two having been made by 
himself, the two latter by Dr. Barclay. This agreed with Miss 
As account, 

A fresh series of suggestions was made on April 8, some 
to fall due during the night, others the following week in my 
presence. The patient lost her papers recording the former, and 
I was too busy to enter the latter. These are the only experi- 
ments in the whole series which are not recorded, and they are 
omitted for the above reasons. Later, Miss A. found the records 
of the suggestions, which had been carried out during natural 
sleep. They were correct. 
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Experiments, Thur., May 7, 3 p.m.—No. 50. Sug.: in 8,650 
m.—No. 51. Sug.: in 8,680 m.—No. 52. Sug.: in 8,700 m. 

I still further complicated these by suggesting as follows: 
“No. 50 is to be fulfilled in the waking state. Five minutes 
before No. 51 falls due you are to pass into the hypnotic condi- 
tion. No. 51 is to be fulfilled during hypnosis, but five minutes 
afterwards you are to pass into the normal waking state and con- 
tinue in that until after the execution of No. 52. Hight minutes 

. after No. 52 is carried out hypnosis will again appear.” 

Results.—No. 50. (a) Suggestion fulfilled, Wed., May 13, 
3.10 p.m. Correct. (b) Hypnosis appeared at 3.31 p.m. This 
ought to have been 3.35 p.m. and was therefore 4 minutes too 
early. 

No. 51, Wed., May 13, 3.40 p.m. (a) Suggestion fulfilled 
during hypnosis. Correct. (b) Miss A. passed spontaneously into. 
the normal state at 3.45. Correct. 

No. 52,4 p.m. (a) Suggestion fulfilled in the waking state. 
Correct. (5) Hypnosis appeared exactly at 4.8. Correct. 

Remarks.—On May 13, Miss A. came into my consulting 
room at 3.5 p.m., and almost immediately fainted. She had 
recently met with a severe accident and was in acute suffering. 
Immediately on regaining consciousness she said she had to 
make a cross at 3.10, and did so in my case book; others were. 
present in the room when all the suggestions were fulfilled with 
the exception of the first. . 

Experiments, Wed., May 13, 4.30 p.m.—The suggestions. 
were given in the following general terms: ‘‘ You are to repeat 
all the experiments made last Thursday, but to-day you are to. 
start from 2.55 instead of 3 p.m., and to each suggestion you are 
to add 1,440 minutes.” The original suggestions were not cited, 
nor any other information: given. The experiments, therefore, 
were as follows :— E 

No. 53, Wed., May 13, 4.30 p.m. Sug.: in 8,650 m. from 
3 p-m., plus 1,440 m., minus 5 m. from starting point.—No. 54, 
Wed., May 13, 4.30 p.m. Sug.: in 8,680 m. from 3 p.m., plus 
1,440 m., minus 5 m. from starting point.—No. 55, Wed., May 
13, 4.80 p.m. Sug.: in 8,700 m. plus 1,440 m., minus 5 m. from, 
starting point. 

Results.—No. 53, Wed., May 20, 3.5 p.m. Fulfilled in the 
waking state. Correct. Hypnosis appeared at 3.30. Correct. 
No. 54, Wed., May 20, 3.35 p.m. In hypnosis. Correct. 

Miss A. passed spontaneously into the normal state at 3.40. 
Correct. 
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According to the original suggestions, Miss A. was to remain 
in the normal state until the fulfilment of the next experiment, 
but, as she had a severe headache, I hypnotised her, made 
curative suggestions, and told her hypnosis would terminate.one 
minute before the next experiment fell due. She passed into the 
normal waking state at 3.49, six minutes too soon.—No. 55, 
Wed., May 20, 3.55 p.m. was written down at 3.50. Calculation, 
therefore, corgect, but time appreciation 5 minutes too early. 

I re-hypnotised Miss A. immediately the above experiment 
was fulfilled. At 4.3 p.m., while still in the hypnotic state, she 
said it was 3 minutes past 4, and that I had suggested that 
hypnosis would appear at that hour. This was correct. 

Remarks.—It is to be noted that hypnosis appeared at 
3.30 p.m., the exact time suggested. This is particularly inter- 
esting as the experiment, correctly executed at 3.30 on May 20, 
was the erroneously carried out experiment of May 18, compli- 
cated by five minutes having been deducted from its starting 
point and 1,440 added to its interval. 

No. 55 was the last experiment of the series. A few others, 
similar in character, were made in October, 1896. These were 
successful but presented no fresh features, and as Miss A. had to 
cease her visits, owing to her approaching marriage, further 
experiment was impossible. 


Summary.—Fifty-five experiments are cited; of these 
one, apparently, was either not carried out by Miss A., or 
unrecorded by me, while in another (No. 9) she mistook the 
original suggestion, but fulfilled it correctly in accordance 
with what she thought it had been. Forty-five were com- 
pletely successful, z.e., not only did Miss A. write down the 
correct terminal time, but this was done, also, at the moment 
the experiment fell due. Hight (Nos. 33, 38, 39, 40, 41, 46, 
47, 55) were partially successful. In these the terminal 
time was correctly recorded in every instance, but there 
were minute differences, never exceeding five minutes, 
between the patient’s correct estimate of when the sugges- 
tion fell due and the moment at which she carried it out. 
The proportion which these errors bear to their respective 
intervals varies between 1 to 2,028 and 1 to 21,420. The 
following table gives an analysis of the conditions under 
which the experiments were carried out and their results :— 
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Similar experiments, more or less successful, were made 
with other somnambules, but in none were the results so 
striking as with Miss A. In those about to be eited the 
subject was Miss B., aged 20, an intelligent, well-educated 
girl, who had received some scientific training. Her 
arithmetical powers were superior to Miss A.’s, but she 
possessed na particular aptitude for appreciating the passage 
of time. She was a somnambule, could be rendered 
anesthetic and analgesic by suggestion, and had been the 
subject of several painless minor surgical operations. Her 
health, from the commencement of the experiments to the 
present date (August, 1900) has been good. 

The first experiments consisted in determining by 
suggestion the time of waking from normal sleep. The 
hours selected varied widely; but the results were almost 
uniformly successful and the greatest error recorded did not 
exceed five minutes. Others similar to Miss A.’s followed 
thus :— 


Exp. 1, Nov. 25, 1895, 3.55 pm. Sug.: in 24 h. and 50 m. 
Res.: Correct. Remarks: In reply to questioning in hypnosis, 
Miss B. stated that when the suggestion was given she calculated 
when it would fall due and determined to carry it out at that 
hour.—Hzp. 2, Nov. 27, 1.20 pm. Sug.: in 1,445 m. Res.: 
10 m. too early —Exp. 3, Dec. 6, 8 p.m. Sug.: in 1,440 m. 
Res.: Correct.—Exp. 4, Dec. 9, 3.15 p.m. Sug.: in 2,880 m. 
Res.: Correct.—Hap. 5, Dec. 12, 3.30 p.m. Sug.: in 1,540 m. 
Res.: 7 m. too late.—Egp. 6, Dec. 16, 3.30 p.m. Sug.: in 
1,620 m. Res.: 13 m. too late—Hap. 7, Dec. 20, 3 p.m. 
Sug.: in 1,880 m. Res.: Correct.— Exp. 8, Dec. 31, 3.15 p.m. 
Sug.: in 24 h. 1,200 m. Res.: Correct.— Exp. 9, Jan. 2, 
1896; 3.10 pm. Sug.: in 24 h. 1,430 m. Miss B.’s calcula- 
tion, made in hypnosis, was 40 m. too early. Res.: 5 m. too 
late. — Exp. 10, Jan. 6, 3.15 pm. Sug.: in 24 h. 100 m. 
Miss B.’s calculation in hypnosis was correct. Res.: 8 m. too 
late — Exp. 11, Jan. 27, 3.10 p.m. Sug.: in 24 h. 150 m. 
Miss B.’s calculation in hypnosis was correct. Res.: 10 m. 
too soon. — Hap. 12, Mar. 27, 3.10 p.m. Sug.: in 24 h. 240 m. 
Miss B.’s calculation in hypnosis was correct. Res.: Correct. 

Time experiments more or less closely resembling those cited 
have been occasionally repeated with Miss B. up to the present 
date (August, 1900) and with practically identical results. 
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Before considering theoretical explanations of hypnotic 
and post-hypnotic appreciation of time, I propose to discuss 
(4) the possibilities of mal-observation or deception, and 
(B) to draw attention to certain other points which appear 
worthy of notice. 


(A) The Question of Mal-observation or Deception. 


(1) The subjects of all my time experiments were either 
former patients or personal friends. None of them were 
trained hypnotic subjects, and in no single instance was a 
pecuniary reward promised or given. All this, however, 
does not in itself exclude the possibility of mal-observation 
or deception, and I would rather base my arguments in 
favour of the genuineness of the results on post-hypnotic 
amnesia, and the fact that the problems involved were 
beyond the subject’s waking powers. 

(2) While, however, all observers recognise post-hypnotic 
amnesia, it must still be admitted that loss of memory 
might be assumed for purposes of deception. Fortunately, 
there are other hypnotic phenomena impossible of imitation ; 
amongst these may be cited: (a) the absence of certain 
organic changes following injury (Delbceuf’s case of two 
symmetrical burns), and (b) the absence of physiological 
signs of pain during severe and prolonged operation. The 
latter fact was clearly demonstrated in the operations on my 
patients at Goole and Leeds (Journal of Dental Science, 
March 30, 1890, and Lancet, April 5, 1890). Several of 
these patients were afterwards ‘the subjects of my time 
experiments, and all who were ‘employed for this purpose, 
including Miss A. and Miss B., could be easily rendered 
anesthetic or analgesic by suggestion. 

(3) Post-hypnotic amnesia alone, even when it is un- 
doubtedly genuine, does not exclude possible error, as the 
subject might receive information from the operator or 
spectators. It is, however, difficult to say how this could 
have happened in Miss A.’s case. Thus, twenty-seven 
experiments were fulfilled in my absence, and no informa- 
tion regarding these—excluding, of course, the suggestions 
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made to Miss A. during hypnosis—was given to anyone 
until some time after the whole series was completed. I did 
not calculate when any of these twenty-seven suggestions 
would fall due, and did not know, until after their fulfilment, 
whether they had been carried out correctly or not. Twenty- 
seven further experiments were fulfilled in my presence, 
these, with, one exception, were also witnessed by others. 
In four of them the suggestions were made by Mr. Bark- 
worth and Dr. Barclay, and I did not know what they were 
until afterwards. These two operators, however, could not 
‘assist the subject, as they had lost the memoranda of their 
suggestions and were unable to fecall the figures. In the 
remaining twenty-three, none of the spectators knew what 
the’ suggestions were. Indeed, in most instances, they did 
not know that any experiments were being carried on, until 
they saw them executed and were asked to witness the 
figures, their ignorance being purposely arranged. 

(4) In the twenty-three cases just cited, before giving 
the suggestions, I calculated when they would fall due. 
Could Miss A. have learnt anything about this through 
telepathy or muscle-reading ? During the last ten years, I 
have searched for evidence of telepathy and also taken part 
in the experiments of other observers; the results, however, 
have invariably been negative; if, for argument’s sake, 
we conceded the possibility of telepathy, recognising that 
somnambules possess hyperesthesia of the special senses, it 
would still be difficult to see what information Miss A. could 
have obtained from me. In the majority of the experiments 
I did not work out when the suggestions would fall due, and 
even when I did, many of my calculations were only 
approximately correct, although I was not aware of this 
until after all the experiments were completed. Moreover, I 
I have an unusually bad memory for figures, and never either 
before or during the execution of the suggestions, recalled 
my calculations as to the time at which they were supposed 
to fall due. Further, when the experiments were carried 
out I was nearly always busily engaged with other patients 
and so placed that Miss A. could not see my face. 

' (5) Again, even supposing post-hypnotic amnesia had 
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not existed in Miss A.’s case, the retention in the waking 
state of the memories of hypnotic life would not in itself 
explain her feats in calculation, and time appreciation. 
Miss A.’s memory, knowledge of arithmetic and power of 
appreciating time, in no way exceeded that of other imper- 
‚fectly educated girls in her station of life. Her normal 
memory was incapable of retaining complicated series of 
figures, and she was unable to make even much simpler 
mental calculations than those involved. After the sugges- 
tions were made, she remained in the hypnotic state for an 
hour or more and could not consult the clock. During this 
period it was absolutely impossible for her to record the 
suggestion in any way other than mentally. 


a 


(B) Other Points of Interest. 


(1) Five minutes before the first experiment was fulfilled, 
Miss A. became restless and felt she must do something. 
This preliminary stage of restlessness was absent in all the 
_ others. In them, when the time for carrying out the 
suggestions arrived, Miss A. had a sudden twitching of the 
fingers of her right hand, immediately followed by the idea 
of ‘writing down certain figures. The abruptness of this 
invasion.of the normal consciousness, by a message from 
the subliminal one, was particularly noticeable when Miss A. 
was actively engaged in conversation at the time. 

(2) On twenty-four occasions Miss A. was asked to 
calculate when the suggestions fell due; she was wrong in 
the first nine instances, but in the remaining fifteen right 
in eleven and wrong in four. As the experiments advanced, 
not only the frequency, but also the extent of Miss A.’s 
errors in calculation decreased, and the answers were given 
much more rapidly. Sometimes the correct replies were 
almost instantaneous, and in these instances no conscious 
calculation could be traced. It is to be noted that Miss 
_ A.’s mistaken calculations had no effect on the correctness , 
of her results. 

(3) Memory.—Once only did Miss A. spontaneously recall 
in hypnosis that a time suggestion—yet unfulfilled—had 
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been given. This was Experiment No. 3, where the sugges- 
tion was an easily remembered one, viz., 24 hours and 100 
minutes. On other occasions when Miss A. was questioned 
in hypnosis as to the unfulfilled suggestions, she invariably 
recalled the fact that these had been made, but rarely 
remembered their exact terms. She always asserted that 
she had neyer thought of them, did not know how much 
time had elapsed since they had been given, nor when they 
were due. This was so even in cases where she had cal- 
culated the terminal time. At first Miss A. forgot all about 
the suggestions immediately after they were fulfilled; she 
did not know she had made a cross or written down the 
figures, and could not recall what they meant. This con- 
dition of .memory was identical with what is almost 
universally associated with post-hypnotic acts. Later, for 
convenience’ sake, it was suggested to Miss A. during 
hypnosis that she, should remember having executed the 
experiments. She then knew in the waking state that she 
had made a cross and written down certain figures, but 
recalled nothing of the original suggestion, of which these 
acts were the fulfilment.. When Miss A. was questioned in 
hypnosis, after the execution of the suggestions, her memory, 
on certain points, was very clear. She could recall in every 
detail the terms of all experiments that had recently been 
carried out, t.e., she remembered the hours at which they 
‘had been made, the number of minutes suggested, her own 
calculations, if any, and the moment and circumstances 
under which the suggestions had been fulfilled. Putting 
aside the calculations she made at the time, in response to 
suggestion, she was unable to recall having made any others, 
or to give any information as to the methods by means of 
which she had correctly fulfilled the experiments. When a 
second series of suggestions was given, before the first had 
been fulfilled, after all had been carried out, she could recall 
both series and place each member of them in its proper 
order. This memory, however, was not persistent. A 
fortnight after the experiments had been executed, although 
Miss A. still remembered in hypnosis that they had taken 
place, she was unable to recall the details. When experi- 
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ments were fulfilled in normal sleep she remembered their 
terms in hypnosis and when they had been given, but not 
when they had been executed. 

© (4) The experiments had no prejudicial effect on Miss 
A.’s health. On the contrary, this steadily improved. She 
is now a strong, healthy, well-developed woman, the mother 
of two children, and has had no return of her nervous 
symptoms. 

In no single instance did any bad effect, even of the 
most trivial description, follow hypnotic experiment. 

(5) The results of the experiments were only estimated 
after the series was completed, when a friend, Mr. Bartrum, 
B.Sc., kindly checked them for me. He discovered that 
some of my calculations made at the ‘time had .been erro- 
neous. I am also indebted to him for a critical examination 
of the calculations the patient was asked to make when the 
‘suggestions were given. 

(6) With the following exception, the phenomena ob- 
‚served in the cases of Miss A. and Miss B. differed little. 
When a simple suggestion was given, Miss B. sometimes 
spontaneously calculated when it would fall due. Miss A., 
on the other hand, never made any spontaneous calculations 
at'all. Apparently Miss B. did not spontaneously calculate 
the more complicated arithmetical problems. When she did 
so, in response to suggestion, her results were invariably 
` correct, but, despite this, the experiments were not always 
fulfilled.at their appropriate time. Miss A., on the contrary, 
was often wrong in her calculations, while the suggestions 
themselves were carried out with phenomenal accuracy. 

(7) In some recent instances Miss B. apparently made 
no spontaneous calculations, despite the fact that the 
arithmetical problems involved were extremely simple. 
For example, I suggested that she should shake hands with 
‘me forty minutes after I aroused her from hypnosis. At the 
moment indicated, in the midst of an animated conversation, 
she suddenly asked me to shake hands with her. In reply 
to my questions, she said she had felt.impelled to do this, 
but could not tell why. A few minutes later she had entirely 
forgotten the incident. Ixe-hypnotised her; she then re- 
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called the suggestion and the impulse she had experienced, 
but could not remember having made any calculation or 
having in any way marked the passage of time. 


THEORETICAL EXPLANATIONS. 


Delboeuf, as we have seen, pointed out that the terminal 
day in Beaunis and Liégeois’ experiments fell on an easily 
recognised date with which the subjects were acquainted. 
These experiments, he said, did not show, as they were 
supposed to do, that somnambules possessed the power of 
counting days, but only that they were able to retain a given 
date. To remove this objection his suggestions were made 
in minutes, while the majority of mine were given in a 
similar but even more complicated form. In explaining 
the. phenomena, therefore, we must take into account, not 
only the appreciation of the passage of time, but also the 
feats of memory and arithmetical calculation which some- 
times exceeded the subject’s normal powers. 


Bernheim’s Theory. 


This is mainly based on the supposed occurrence of self- 
hypnosis in somnambules and the existence during that 
condition of a peculiar mental concentration, with conse- 
quent revival of hypnotic memories. According to Bern- 
heim, conscious mental activity exists both in sleep and in 
hypnosis. During sleep we are conscious that our mind 
thinks and works, just as the somnambulist knows what he 
is doing, but the form of consciousness differs from that of 
waking life. In both, concentration of the nervous force 
upon the suggested image or idea is the characteristic ' 
phenomenon. This continues to exist, although dream 
succeeds dream in sleep and varying suggestions are 
instantly executed in hypnosis; the nervous concentration 
has only changed its object, the focus shifted its place. 

According to Bernheim, if an individual goes to sleep 
determined to wake at a given hour, his attention is fixed 
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upon this idea, and he thinks about it voluntarily and 
consciously all night. When he awakes, he believes he has 
done so spontaneously, as the conscious thoughts of sleep 
are forgotten. Finally, he says, the lost memories of 
hypnosis may be revived by chance association of ideas, like 
forgotten impressions of the waking state, and also in other 
ways, and thus, the memory of the suggestion hgs not been 
latent all the time. In support of this he cites :— 

First— Experiments —Two subjects, who had received 
deferred suggestions, when hypnotised and questioned in the 
interval, stated that during natural sleep they had once 
dreamt of what had been suggested during hypnosis. 

Secondly—Certain general observations as to the mental 
condition in somnambules.—The memory, he says, of what 
has taken place during hypnosis depends upon the psychical 
concentration already referred to; every time this is repro- 
duced, the lost memory is revived. Somnambules pass 
easily and spontaneously from the normal to the hypnotic 
state; they then become self-absorbed and concentrated, 
and recall the operator’s suggestions. They know when 
these should be executed and take their measures accord- 
ingly; they reinforce the idea of not forgetting them, just 
as a person in natural sleep determines not to miss the hour 
set for waking. Although the suggestion may have been 
present in their minds the greater part of the day, they 
forget this if we divert their attention from themselves by 
speaking to them. By doing this, we have disturbed their 
psychical concentration, drawn their cerebral activity from 
the inside to the outside, and produced another state of 
consciousness in which. the memory of the suggestion is 
lost; the memories of the second, or hypnotic state, being 
effaced in the first, or normal, one. 

In consequence of this, when the somnambule carries 
out a suggestion, he believes that the idea has newly and 
spontaneously dawned in his mind— He no longer remem- 
bers that it is a memory.” Thus, in Bernheim’s opinion, a 
deferred suggestion is no more difficult to explain than one 
executed immediately on waking. 

Three points are involved in Bernheim’s theory. 


`- 
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(1) Nervous concentration and its relationship to hypnotic 
memory.—According to Bernheim, everyone possesses a 
certain definite amount of nervous force or cerebral activity. 
In the waking state this is concentrated in the higher 
nervous centres—the reasoning part of the brain; in 
hypnosis in the lower ones—the imaginative or automatic 
part. All the phenomena induced during hypnosis—con- 
ceptions, niovements, sensations, images—owe their origin 
to this concentrated and accumulated nervous force. When 
the subject passes into the normal state this nervous con- 
centration ‘ceases, and the impressions received during 
hypnosis fade. When hypnosis is again induced, the former 
state of concentration reappears and, at the same time, the 
lost memories are revived. 

This explanation is ingenious, but not-in keeping with 
observed facts. If I suggest to a subject that he will still 
remember the events of hypnosis, after that state has termi- 
nated, he invariably does so. Yet, according to Bernheim’s 
theory, the redistribution of nervous force to the higher 
centres should inevitably have prevented this. Again, sug- 
gestion may rob the hypnotised subject of the power of 
recalling the events of previous hypnoses. If, however, 
Bernheim’s explanation be correct, the lost memories could 
not escape revival, seeing that they must have reappeared 
when the nervous force was again concentrated in the lower 
centres. 

Further, as numerous and varied hypnotic phenomena 
can be simultaneously evoked in the same subject, this 
clearly shows that the phenomena of hypnosis cannot be 
explained by the concentration of attention on any one given 
point. Again, the fact that the multiple phenomena are 
sometimes similar in character to the isolated ones, indicates 
that the explanation of hypnotic phenomena by means of 
the amount of attention concentrated is also fallacious. If 
all the attention is requisite for the production óf one ‚hyp- 
notic phenomenon and yet, while it still lasts, many others 
are simultaneously induced, whence do these derive that 
excessive amount of attention which is said to be necessary 
for the induction of the prinfary phenomenon ? 
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(2) Admitting that hypnotic memory is associated with 
this psychical concentration, the evidence in favour of the 
frequent and spontaneous occurrence of the latter is far from 
convincing. Granting that two subjects had each once . 
dreamt of a suggestion during natural sleep, this does not 
justify the conclusion that somnambules pass easily and 
spontaneously from the normal to the hypnotic state. Fur- 
ther, although the memories of hypnosis, whether self- 
induced or not, are lost on waking,-these can be easily | 
evoked by questioning in subsequent hypnoses. If, there- 
fore, subjects passed spontaneously into the hypnotic state, 
and thought about the suggestions, they could be made to 
recall the fact that they had done so. Despite this, Bern- 
heim’s generalisations are founded on the two dreams just 
cited; and he has apparently made no attempt to discover 
the actual mental conditions involved, although he might 
easily have done this by means of the simple method of 
interrogation in subsequent hypnoses. . 

(3) Granting both the points in dispute, t.e., the psychi- 
‘gal concentration and its spontaneous occurrence, the diffi- 
culty is still unsolved. If no trace of the hypnotic memory 
remains in the normal state, what advantage does the nor- 
mal consciousness obtain from the unknown or forgotten 
fact that the hypnotic consciousness recalled the suggestion 
at some time before the date fixed for its fulfilment ? 


Beaunis’ Objections. 


Beaunis also raises many objections to Bernheim’s views. - 
Thus, while admitting the influence of attention and con- 
centration upon the production of certain hypnotic phe- 
nomena, he holds that these are insufficient to explain 
deferred suggestions. They may account for a hallucination 
realised immediately on waking, but not for one that has 
been retarded for several days. Here, the subject was un- 
conscious of the suggestion until the hallucination appeared 
at the hour fixed, and it is absurd to suppose that all this 
time he was under the influence of a dominant idea. Bern- 
heim’s experimenis, therefore, do not settle the question. 
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Granting that the subject dreamt of the suggestion in normal 
sleep two days before it fell due, it is still necessary to 
explain how it was carried out at the time fixed. The sug- 
gestion, it is true, now involves a shorter period of time, 
i.e., two days instead of the original number, but this, while 
reducing the extent of the problem, still leaves it unsolved. 

Beaunis disputes Bernheim’s assertion that‘ those who 
wish to wake at a given hour think of this all night, for, he 
. says, if this were true, they would afterwards remember 
having done so. Dreams which have passed rapidly through 
the brain can often be recalled in every detail; we should, 
therefore, be able to remember still more vividly the ideas 
upon which our attention has been continuously fixed. 
Further, some people always know what o’clock it is, and, 
if suddenly asked, are able to give an exact reply, no matter 
how much their attention may have been concentrated on 
other things. Had they consciously noted the passage of 
time, they would afterwards be able to recall having done so. 
This, however, is not the case, and they are unable to explain 
how the feat was performed. 

Finally, in contradistinction to Bernheim, Beaunis justly 
points out that important differences exist between the way 
in which the lost memories of the waking state and those 
of hypnosis are revived. The former may be recalled at any 
time by a chance association of ideas. For example, things 
long forgotten may be remembered on hearing the name of 
someone we knew in childhood. The lost memories of 
hypnosis, however, possess the distinctive and essential 
characteristic that they cannot be revived by a chance 
association of ideas, and are, therefore, fundamentally dif- 
ferent from those of the waking state. The hypnotic sug- 
gestion is only realised at the hour fixed and cannot take 
place before, even when associations occur which would 
have restored lost normal memory. Thus, if it is suggested 
to A. that he is to do something at the expiration of ten days, 
when he hears B. cough three times, B.’s signals, if given 
at any time before the day fixed, produce no response, 
although they inevitably do so when the appropriate time 
arrives. 
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Beaunis’ Theory. 


Beaunis attempts to explain the phenomena of time 
appreciation by the existence in the human organism of an 
unconscious physiological power of time measurement. The 
phenomena of deferred suggestion, he says, is analogous to 
` that of awaking at a fixed hour from normal sleep, and both 

may be explained by the existence of a sowi of mental 
mechanism, arranged, like an alarm clock, to produce a 
movement at a fixed hour. The brain is a machine which 
acts without our knowledge, with an activity we are unable 
to estimate, and the things of which we are conscious only 
feebly represent this mysterious work. The power of 
appreciating time, rudimentary or rather atrophied in 
civilised man, is well developed in the savage:and lower 
animals. Thus a dog, accustomed to go out with his master 
‘at a- certain hour, will show that the time has arrived by 
expressive pantomime, should his master delay a little in 
getting ready for his walk. In Beaunis’ opinion, the 
measurement of time by somnambules is an act of un- 
conscious cerebration. 


Paul Janet’s Objections. 


Janet grants that an image of which one is unconscious 
may exist in the memory, and, further, that it can be revived, 
even at a fixed date, if the operator associates the suggestion 
with some definite sensation, as, for example, the sight of 
a particular person. He cannot, however, understand the 
return of the lost memory at a fixed day, without other 
association than the numeration of time. Thirteen days, 
for example, do not represent a sensation, but form an 
abstraction. The carrying out of a suggestion, therefore, 
at the expiration of such a period, presupposes the existence 
of an unconscious power of measuring time—an entirely 
unknown faculty. Up to this everything could be explained 
by the law of association of ideas; but here we make a sudden 
jump, and the thread of analogy is completely broken. No 
association can explain the unconscious counting of thirteen 
days, and the “ suggestion theory ” is in default. 
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Beaunis’ Reply. 


A say is not an abstraction. ‘The ideaof a day represents 
a series of definite impressions, the result of external agencies, 
such as light, temperature, &c., which produce in our organism * 
different kinds of reactions. A day is, then in reality, not a 
sensation, but a succession of sensations and unconscious 
reactions. Animals know exactly the hour at which they are 
habitually fed, and an attack of fever returns at the same 
hour each day, or every other day, for weeks; this indicates 
that the measurement of time is not an abstraction, but has 
its roots in the very life of the organism. The periodicity 
of days, weeks, months and seasons corresponds to periodic 
organic variations, which under certain circumstances might 
acquire sufficient intensity to constitute a sort of “un- 
conscious faculty for measuring time,” although the word 
“faculty” is a little too philosophic a term for an organic 
aptitude of this kind. 


Remarks: 

Beaunis’ explanation assumes (1) the existence of an 
unconscious faculty for measuring time, and (2) its applica- 
bility to the cases in question. 

(1) The unconscious measurement of time.—According . to 
Beaunis, time appreciation is highly developed in savages, 
while certain civilised persons can awake at a given hour, 
and others always know what o’clock it is. In support of 
this, however, he does not cite a single example or experi- 
ment. Let us take the simplest case, t.e., waking at a given 
hour. Many persons, it is true, believe they can do this; 

. usually, however, the self-waker only shows the power of 
giving himself a lighter sleep than usual; he wakes several 
times during the night, and, in the end, does not always hit 
the exact hour. On behalf of the Society for Psychical 
Research, several persons, who believed they possessed this 
power of self-waking, tested it in a rigorously scientific 
manner. The results were disappointing. One experimenter 
only succeeded on two occasions out of seventeen, and one 
of these was his usual hour of waking; another was success- 
ful on five times out of twenty-nine, but on three of these he 
VoL, XXIII. 13 
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awoke at other hours as well, while the third was right two 
out of thirteen times, and the fourth succeeded in four 
instances out of forty-six. 

Since I became interested in time appreciation, many 
people have assured me that they could awake at any given 
hour. None of them, however, were able to experimentally 
reproduce the alleged phenomenon, while the two following 
are the only genuine cases I know of :— 


Dr. George Savage possesses the power of waking at a given 
hour and has tested it on many occasions. The following is an 
example :—One day, having to catch an early train, he determined 
to wake at 6a.m., and slept soundly without waking until the 
exact time. The seven following mornings he woke exactly at 
six, notwithstanding that he went to bed at different hours, and 
there was no necessity for early rising. This involuntary 
repetition of self-waking at unusual times also occurred when he 
was roused by others at abnormally early hours. Thus, when in 
the Alps, if he were called at 2 or 3 a.m., he would certainly wake 
spontaneously at the same hour next morning, even if he had 
been much fatigued with climbing. Dr. Savage states that the 
accuracy of the time of waking in these instances has puzzled 
him greatly. 


The following is,Professor Marcus Hartog’s own account 
of his case :— 


‘When I was a student, under 17, I found I could, sleeping 
soundly, awake at any given time I had set myself overnight. 
The peculiarity of such waking was that it was always sudden 
and complete, not preceded by a period of light broken sleep, nor 
accompanied by the drowsiness of an ordinary unprepared 
waking. If I found that it was needless to get up I soon fell 
asleep again, and then had the ordinary drowsy waking, often 
oversleeping myself. This faculty has persisted with me. 
Between the ages of 20 and 25, on three distinct occasions I had 
to nurse friends, when I had to administer food and medicines at 
_ regular intervals, as well as to attend to every call or unrest on 
the part of the patient. The last occasion extended over, I think, 
three weeks. On each occasion the facility and manner of 
waking completely and suddenly was exactly the same as for 
early rising, whether at the stated call, or at the least stir of the 
patient. On lying down to rest again I seemed to see a gradually 
` widening vista, and as my eyes diverged I fell asleep; the time 
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occupied could not have been a quarter of a minute, though I felt 
wide awake at the moment of closing my eyes. My sleep on 
these occasions was singularly if not absolutely dreamless, though 
I was under the greatest mental anxiety while waking.” 

In Professor Hartog’s case the waking at fixed hours was 
‘never involuntarily repeated, t.e., as regards the: waking at 
repeated intervals. Sometimes, however, when he set 
himself to wake at a fixed time in the morning this was 
repeated for several days, as in Dr. Savage's case. 

(2) The applicability of Beaunis’ theory to the par- 
ticular cases in question.—The experiences of Savage and 
Hartog undoubtedly show that certain persons can wake 
at a given hour. This does not, however, explain why this 
power is almost universal amongst somnambules ; it is an 
attempt to explain the little known in terms of the less 
known, and the analogy, even if successfully established, 
does not solve the problem but adds another to it. Grant- 
ing that the uncivilised man possesses some natural power 
of marking the passage of time, it would be of little use to 
him in cases such as those cited by Delbouf and myself. 
If he cannot count above five how is he to bring his powers 
to bear on a suggestion which starts from, say, 3.15 p.m. 
yesterday and is to terminate in 20,840 minutes ? 


Delbeuf’s Theory. 


Delboeuf first pointed out that his subjects in the normal 
state were unable to make the necessary calculations in- 
volved in his time experiments. As the latter were success- 
ful this showed, he said, that the subjects, when hypnotised, 
had an idea of the passage of time and unconsciously 
calculated when the suggestions fell due. Apparently they 
possessed a sort of mechanism like'an alarm which they 
set to go off at a fixed time. 


Edmund Gurney’s Objections to the Theories of Delbauf 
and Beaunis. 


According to Gurney, commands to be fulfilled at a 
particular date involved the reckoning of time. This was 
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usually assumed to be physiological. Thus, Delbeuf 
believed that the subject calculated when the order fell 
due, and said to himself: “I shall fall into a trance at such 
and such a moment and then perform the act.” The 
subject set his organism like an alarm for a given time 
ahead; his mind, relieved of responsibility, then went off 
duty till the suggestion fell due, when it was aroused by 
its own automatic machinery, the action resembling the 
running down of an alarm. Gurney asserted that hypnotic 
subjects never formulated their orders in this way, and that 
Delbceuf’s explanation was pure guess work, unsupported by 
fact. 

Further, he said, even if we granted the purely physio- 
logical hypothesis for cases of short duration, where the 
idea of the time fixed could be easily: grasped, and thus the 
setter of the alarm knew exactly what he was about—it 
would be a very different thing to extend it to others where 
the command had been executed after the lapse of months. 

Gurney, like Delboouf, drew a distinction between com- 
mands to be carried out at a specific date, such as New 
Year’s Day, and those where the length of time alone was 
named, as in the direction to do something “on the 69th 
day from this.” In the former instance the brain might 
at once register the date along with the order, and the 
arrival of the former would thus suffice to arouse the latter. 
A length of time could not be registered in this way. Its 
termination, till reckoned by the calendar, was quite in- 
definite, and when the particular day arrived it conveyed 
nothing likely to revive the suggestion—it carried no more 
sixty-ninthness about it than any other day. 

Gurney considered that Beaunis’ explanation did not 
fully meet Janet’s objection that such a length of time— 
i.e., 69 days—was simply an abstraction. Admitting that 
“a day” was a sufficiently familiar and definite unit to 
present a concrete character, that it represented a series 
of conscious reactions, and, further, that there were periodic 
organic changes which extended over weeks and months, 
this did not prove that “the measurement of time was not 
an abstraction, but had its roots and conditions in the very 
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life of the organism.” Tt did not follow that “ sixty-nine ` 
days” were concrete in character because this was the case 
with “one day,” and, further, the organic conditions asso- 
ciated with established physiological periods were absent 
from those suddenly and arbitrarily fixed by human volition. 
The vital processes were as unable to make a time calculation 
of this kind as a school boy’s digestion to work out a propo- 
sition of Euclid. Such time measurement was not a function 
of animal life; its result was not an inevitable bodily state, 
but a needless act. It depended—not on progressive changes 
‘in the stomach or blood—but on an original course of cere- 
bration taking place in the higher tracts of the brain, 
initiated by an impression—that of the command—which 
had a distinct psychical side. 

According to Gurney, the passage of time must be 
registered, looking at it from the brain side alone, not by 
general gradual change, but by a series of specific changes 
corresponding to the days and units of measurement, and 
this was the only kind of cerebral process capable of clearly 
differentiating the case from that of ordinary physiological 
time reckoning. Further, unless cerebral events such as 
were normally correlated with the ideas ‘‘sixty,”’ “sixty-one,” 
“sixty-two,” &c., really took place, how could the gulf be 
spanned with precision? Any other kind of change would 
not know when to stop, or how to associate a point it had 
reached with the order given long before. Granting that 
these specific brain-changes took place, was it not reasonable 
to suppose that their mental correlate existed; and that, 
hidden from our view, there was an actual watching of the 
course of time? This hypothesis went a long way towards 
removing Paul Janet’s difficulty. From this point of view 
his “unknown faculty” resolved itself into a known one, 
working in the normal way, but below the surface of ordinary 
consciousness. 


Gurney’s Theory. 


As we have seen, the carrying out of a post-hypnotic 
cominand several thousand minutes after waking can neither 
be explained by any ordinary physiological power of appre- 
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ciating time, nor by a supposed spontaneous re-hypnosis with 
temporary revival of memory. The feat, according to Gurney, 
can only be performed as the result of the intelligent action 
‚of a secondary consciousness, which watches the time as it 
passes just as the ordinäry one would do, and, when the 
correct hour arrives, pushes the ordinary consciousness on 
one side, takes its place and carries out the command. In 
. Gurney’s opinion, the mental conditions involved in the 
execution of post-hynotic commands varied widely in 
. different cases. Of these the following are examples :— 

(1) A subject was told to do something ten minutes after 
_ she awoke. On waking she looked at the clock until the 
expiration of the time, then executed the order. In this 
case, the subject was conscious of having consulted the clock, 
and afterwards—apart from any question of the revival 
of hypnotic memory in post-hypnotic states—remembered 
having done so. 

(2) A subject was told to do mank five minutes ala 
he awoke. Immediately on waking he looked at the clock 
and continued to do so at intervals, talking naturally mean- 
‘while to those present. At the end of five minutes he 
executed the order. Afterwards, he neither recollected 
looking at the clock, nor carrying out the command. 

This case appears to occupy an intermediate position 
between No. 1 and the others about to be cited. : 

(3) A subject was told that on the 39th day from then 
he was to execute a post‘hypnotic suggestion. He had no- 
memory of the command when awake, and no reference was 
made to it until March 19, when he was suddenly asked, 
during hypnosis, how many days had elapsed since it was 
given. He instantly replied, “Sixteen,” and added that ` 
there were twenty-three more to run. Both statements 
were correct. 

(4) Another subject was told on March 26, that he was 
to do something on the 123rd day from then. On April 18, 
he was hypnotised and asked if-he remembered the order. 
He at once replied: “ Yes, this is the twenty-third day; a 
hundred more.” Further questioning made it clear that 
every few days the command occurred to his mind and that - 
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he calculated how many days had passed and how many 
more had to elapse. His waking memory retained no 
recollection of the original suggestion, nor was it aware 
of the memories and calculations which he described when 
hypnotised. . 

In the two last cases, the watching was undoubtedly 
wholly of ay internal kind, and, although obviously accom- 
panied by consciousness, was afterwards entirely forgotten. 

The two points in Gurney’s theory which specially de- 
mand consideration are: (I.) What evidence have we of the 
existence of a secondary consciousness? (II.) Granting its 
existence, how far does it explain all the phenomena we 
have been considering ? 

(L.) The secondary or subliminal consciousness. 

The facts in favour of the existence of a secondary 
consciousness may be divided into three groups : (a) Those 
arising from, or more or less closely associated with, morbid 
states; (b) Those occurring in normal waking or sleeping 
life; (e) Those arising spontaneously, or as the result of 
suggestion, in the hypnotic condition. 

(a) To those who have not studied hypnotic and cognate 
phenomena, this group is practically the only one that exists. 
Its most familiar examples are to be found in post-epileptic 
and other more or less clearly defined morbid conditions. 
Here the personality of the secondary consciousness is 
„generally a reduced one; volition is frequently suspended. 
or weakened, and consciousness dimmed. The individual 
does not recognise himself, his surroundings and mental 
state, in as clear a fashion as he would do were he in his 
normal condition. ` 

The case of Louis V. is one of the most interesting of this 
kind. This young.man presented two distinct mental, moral, and 
physical states. In the primary, he was docile and intelligent, 
while sensibility and movement were normal. In the secondary, 
he was violent, vicious, less intelligent, and presented hysterical 
contractures. Each state was completely independent of the 
other and possessed absolutely distinct memories.— The Life 
History of a Case of Double or Multiple Personality,” by A. T. 
Myers, M.D. (Journal of Medical Science, January, 1896) ; ‘‘ Les 
Variations de la personnalité,” par MM. Bourru et Burot (Revue 
de l Hypnotisme, 1887, p. 193). 
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Dr. Rieger (Der Hypnotismus, 1884, pp. 109-115) cites a case 
of frequently recurring attacks of secondary consciousness in an 
epileptic. In the normal condition his character was orderly, but 
this state alternated with others during which he would leave his 
home for weeks at a time and lead the life of a thief and vagabond, 
sometimes being sent to prison, sometimes to asylums. In his 
primary condition, he had no memory of the acts for which he had 
been punished. e - 

Dr. Lewis C. Bruce (Bram) gives an account of an asylum 
patient who not only showed two separate and distinct states of 
consciousness, but in whom the right and left brain alternately 
exerted a, preponderating influence over the motor functions. At 
one time he was ambidextrous and only understood English, at 
another he was left-handed and spoke Welsh. 


Spontaneous somnambulism affords another example of 
the action of a secondary consciousness. In volition and 
consciousness are to be found the main differences between 
it and induced somnambulism. The hypnotic subject knows 
what he is doing and why he does it, and can reject dis- 
agreeable suggestions. Unless specially trained, he usually 
only acts in response to influence from without—influence 
more or less directly transmitted to him by the suggestions 
- of others. The spontaneous somnambule, on the contrary, 

acts his own dreams. His hallucinations sometimes excite 
criminal acts, and authentic cases are reported in which 
` spontaneous somnambules have committed murder, under 
the delusion that the person they attacked was a wild beast 
‚or a burglar. Spontaneous somnambulism, properly speak- 
‚ing, is a neurosis, and, as Hack Tuke pointed out, in its 
severest forms approaches perilously near epilepsy, while the 
condition of mental automatism which sometimes succeeds 
epileptic fits closely resembles .that of the sleep-walker. 
'Yellowlees looks upon spontaneous somnambulism as a 
form of insanity, and calls it somnomania. He holds that 
the sole difference between- it and insanity or epileptic 
violence is that it occurs during sleep, and involves only a 
temporary arrest of volition, instead of the more prolonged 
loss of control which results from organic mischief. 

In another group of cases the secondary state, while 
markedly inferior to that particular individual’s primary one, 


HYPNOTIC AND POST-HYPNOTIC APPRECIATION OF TIME 201 


finds its counterpart in degenerate states which are not 
necessarily insane. 


Of this the following case, recorded by “Dagonet” (G: R. 
Sims) in the Referee, January 31, 1897, is an example :—One 
night Mr. Sims received a message from the master of a work- 
house, to the effect that the police had brought a man to the 
infirmary whom they had found insensible in the street, ap- 
parently suffering from drink ; a letter, signed by Mr. Sims, was 
in his-pocket. Mr. Sims knew him as a professional man in a 
good position. Next day he was conscious, but absolutely denied 
his identity. He said he was a street musician, and that his 
cornet had been stolen during a row in a public house where he 
was playing. He returned to his lodgings as soon as he was dis- 
charged from the infirmary, and told his landlady he thought he 
must have had a fit and fallen down in the street, for he was 
bruised and ached all over, but did not remember anything about 
it. Exclusive of the time passed in the infirmary, he had been 
absent from his lodgings a week, but maintained that he had only 
left the house that morning. A few days later he fulfilled an 
important professional engagement. All went well for some time, 
then he again suddenly disappeared. Search was made for him, 
and he was eventually found playing a cornet outside a public 
house in Camden Town. Addressed by his proper name he made 
no sign, and when questioned asserted that he had been an itine- 
rant musician for the last fifteen years. To-day Mr. is again 
living an ordinary respectable professional life, and has not the 
slightest knowledge of his periodical lapses into: another indi- 
viduality—that of a street musician. His name is well known to 
all who are familiar with music and the drama. 





In another group, the secondary state, instead of being 
one of obvious mental disorder, differs little in intelligence 
and volition from the primary one. The following are 
examples :— 


Ansel Bourne, ‘an itinerant preacher, aged 61, residing at 
Greene, Rhode Island, suddenly disappeared. In. spite of the 
publicity which the newspapers gave to the fact, and the efforts 
of the police to find him, he remained undiscovered for two 
months. He then found himself at Norristown, Pennsylvania, 
where for the previous six weeks he had been keeping a small 
variety store under the name of A. J. Brown, appearing to his 
neighbours and customers as a normal person. When his normal 
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consciousness returned, he was extremely alarmed to find himself 
in an unknown situation, with absolutely no memory of his sur- 
roundings, or of the incidents which had taken place from the date 
of his disappearance.—.Proceedings of the Society for Psychical 
Research, 1891, p. 221. 

Emile X., barrister, sometimes passed, without loss of con- 
sciousness, into a secondary condition, which lasted from a few 
minutes to several days. During it he led an active life, which 
apparently did not differ from his normal one. The state always 
terminated suddenly, and the ordinary consciousness retained no 
recollection of what had just passed. After one attack, which 
lasted three weeks, he came to himself a hundred miles from 
home.—Dr. Proust, Professor of Hygiene at the Hétel Dieu, Paris. 
Revue de l Hypmotisme, March, 1890. 

Mr. N., aged 32, educated, consulted Forel and told him the 
following story. He stated that he had been living for some 
weeks in Zürich, and had vague recollections of arriving there 
after a long voyage. Recently he had read two newspaper notices 
describing the sudden disappearance from Australia of a Mr. N., 
and he felt that he was the person referred to, although at the 
same time it seemed impossible that this could be true. N. 
entered the Burghölzli Asylum for treatment and was hypnotised 
by Forel, who succeeded in restoring his lost memory by sugges- 
tion, and thus obtained an account of his doings from the time he 
had left Australia. There was no reason, pecuniary or moral, for 
N.’s disappearance. He recovered under Forel’s treatment.— 
Ein Fall von tenypordner, totaler, theilweise retrograder Amnesie 
(durch Suggestion geheilt), von M. Naef, Voluntärarzt an der 
Heilanstalt Burghölzli. Zeitschrift für Hypnotismus, 1897, 
p. 821. 

The following is the most recent example I have been able to 
trace of the group we are considering:—On April 16, 1900, 
George Ridderband, aged 19, a law student and the son of a well- 
known lawyer, suddenly disappeared from his home in New York. 
No reason, except that he had been studying hard for an exam- 
ination, was discovered for this, either at the time or afterwards. 
His parents put the matter in the hands of the police. On April 
21 the lad walked into a police station and told the ‘following 
story :—Five days previously, he suddenly found himself walking 
in the street, but neither knew who, nor where he was, nor could 
he recall anything as to his past life. Since then he had been 
wandering about, struggling in vain to revive his lost memories, 
keeping meanwhile a diary of his proceedings. He asked if any- 
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one corresponding to him had been advertised as missing, and the 
sergeant recognised him as the lost George Ridderband. He was 
taken home and placed under medical care. At first: he did not 
recognise any of his relatives, but a week later his memory com- 
menced to return; he was still, however, unable to account in any 
way for his disappearance. 


In another group the secondary state, from a physical, 
moral and intellectual point of view, is superior to that of 
the primary one. The following are examples :— 


A girl, aged 18, healthy, but quiet and somewhat stupid in 
character, swallowed some unguentum lyttæ. After the acute 
symptoms of poisoning passed off, a cutaneous hyperesthesia of 
the head and morbid sensitiveness to sound remained. She had 
frequent attacks of temporary insensibility and passed alternately 
from her: ordinary mental condition to a secondary one, and from 
this in its turn back again to the normal one. In the secondary 
state she was excitable ; her conversation was lively and spirited, 
and she was intellectually superior to what she was in the 
primary condition. The memories of the two states were abso- 
lutely distinct; the primary self knew nothing of the secondary 
one, the secondary self nothing of the primary one.—‘ Case of 
Double Consciousness,” by Thomas Mayo, M.D., F.B.C.S., 
London Medical Gazette, New Series, Vol. I., 1845, p. 1202. 

Mary Reynolds, a dull and melancholy young woman, was 
found one morning in a profound sleep, from which it was im- 
possible to arouse her. After twenty hours she awoke, but her 
disposition was absolutely changed and she had no memory of 
her past. She was now cheerful, buoyant, sociable and merry, 
but did not recognise her relatives or friends, and had lost the 
power of reading and writing. Five weeks later, she passed into 
the primary state; again became dull and melancholy, and re- 
membered nothing of her secondary condition, After the lapse 
of a few more weeks she again passed into the secondary stage 
after a profound sleep, and took up her new life precisely where 
she had left it. The memories of the two states were absolutely 
distinct,; in the first she remembered former primary states, but 
these alone, in the second, she only remembered former secondary 
states. These alternations of consciousness continued for fifteen 
years, then finally ceased, leaving her permanently in the second 
state. In this she remained without change for the last twenty- 
five years of her life.—‘‘ Case of Mary Reynolds,” by Dr. Weir 
Mitchell. Trans. of the College of Physicians of Philadelphia, 
April 4, 1888. 


204 ORIGINAL ARTICLES AND CLINICAL CASES 


Félida X., aged 144, without known cause, though sometimes ` 
under the influence of emotion, had attacks of sharp pain in both 
temples, followed by a state of profound stupor, which lasted ten 
. minutes. She then spontaneously opened her eyes and appeared 

to wake, but in reality passed into a condition of secondary con- 
sciousness. This lasted for an hour or two, then the stupor and. 
sleep re-appeared and she passed into her ordinary state. The 
secondary state differed markedly from the primary öne. In the 
latter she was a miserable, querulous, hysterical invalid, and 
remembered nothing of her secondary life, which was superior, 
both intellectually and physically, to her primary one. In it 
she was gay, active and intelligent, and remembered not only all 
the events which had taken place in former attacks of secondary: 
consciousness, but also those of normal life. As time went on 
the frequency of the secondary attacks became greater and their 
duration longer, till at the age of 24 they commenced to exceed 
the periods of normal life. From 24 to 27 she remained in the 
normal state. After this the secondary attacks became more and 
more frequent, and finally almost completely occupied her entire 
existence. In 1875 Félida, who was then 32 years of age, told 
Azam that she still suffered from attacks associated with loss of 
memory. These so-called “ attacks,” however, were simply 
lapses from her secondary consciousness into her original primary 
one. Thus, once when returning from a funeral she felt her 
attack, t.e., her normal state, come on. She became unconscious 
for a few seconds, without her companions noticing it, then woke 
in the primary state, absolutely ignorant of the reason for which 
she was in a mourning carriage. Accustomed to these accidents 
she waited till, by skilful questions, she was able to grasp the 
situation, and thus none of those present knew what had hap- 
pened. Later, she lost her sister-in-law after a long illness, and, 
during a relapse into the normal state, knew nothing about her 
death, and only guessed. at it from the fact that she was in 
mourning. In the earlier periods the transition from one state 
-to another was marked by a period of more or less prolonged 
unconsciousness. As time went on, this diminished and, finally, 
the loss of consciousness became so brief that Félida was able to 
disguise it. In 1887, when Azam published the account of the 
case, Félida was 44 years of age and her lapses into normal life 
had become more and more rare.—Hypnotisme double Con- 
science et Altérations de ‚la Personnalité, par le Dr. Azam. 
Paris, 1887, J. B. Balliere et Fils. 
In 1888 “Dr: Ladame, of Geneva, communicated a somewhat 
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analogous case to the Société aaa ul which had 
been cured by suggestion. 

In the cases just cited, the first attack of secondary 
consciousness was frequently preceded by shock, although 
sometimes it arose without apparent exciting cause. In 
subsequent ones it was usually more difficult to trace the 
exciting cayse; generally the attacks were independent of 
the patient’s volition, although cases are recorded by 
McNish and others where the state could be induced at 
will. 

The attacks of secondary consciousness usually terminated 
spontaneously, and without discoverable cause. In some 
instances, however. the accidental reading of an account 
of their lost selves seems to have evoked some of the 
memories of the primary state and contributed to the 
disappearance of the secondary one. 

(b) Facts in support of a secondary consciousness drawn 
from normal waking or sleeping life-—Here the evidence is 
not so clear as in the preceding section, but without the 
hypothesis of a secondary consciousness, it is difficult to 
explain phenomena such as the following :— 

(1) Time appreciation in cases such as those of Savage 
and Hartog. Here, no ordinary physiological explanation is 
possible, and, while the ordinary consciousness was asleep, 
an intelligence of some kind must have watched the passage 
of time. 

(2) The recollection of forgotten facts without the 
association of ideas connected with normal "memory. 
Everyone, I think, must recall instances in which he has 
tried to remember a forgotten name, and, after having failed 
to recall it by every device imaginable, at last put the 
problem on one side in disgust and turned his attention to 
other things. Later, the forgotten name rises into con- 
sciousness, with a suddenness which is startling, and no: 
association of ideas can be discovered to account for its 
appearance. 

(8) Literary problems, which axe vainly struggled with 
when awake, are sometimes apparently solved in sleep. 
Thus, on awaking, page after page is easily and satisfactorily 
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written, while the day before the author had been unable to 
find expression for his thoughts. 

(4) According to Myers, works of genius, ER of being - 
the result of. an infinite capacity for taking trouble, are due 
to’ the intelligent action of a secondary consciousness. The | 
labour is performed in a subterranean workshop, as it were, 
and then presented in completed form to the normal con- 
sciousness. ı The latter not only believes that it bas done 
the work itself, but thinks that this has ‘been performed 
instantaneously. 

(c) Hypnotic phenomena which apparently support the’ 
theory of a secondary consciousness.—These are too numerous 
to be referred to in detail, and it might even be claimed that 
every. deeply hypnotised subject shows evidence—in memory 
changes alone—of the existence of a secondary.conscious- 
ness. In the waking state, he can recall nothing of what has 
. passed in profound hypnosis, but when hypnotised, not only 
remembers the events of previous hypnoses, but also all that 
his ordinary memory can recall of waking life and even, in 
addition, much that it. had forgotten. Further, he has 
acquired a control over his own mind and body without 
parallel in waking life. He can alter the rhythm of his 
pulse, control his secretions and excretions, and increase or 
arrest the activity of his special senses. He can induce 
anesthesia and analgesia, and, even when all the phenomena’ 
are elicited by the suggestion of the operator who has, 
hypnotised him, maintain consciousness and volition un- 
impaired. From the therapeutic side he can obtain relief 
‘from the pain of disease or injury, procure sleep at will and 
for as long or as short a time as he wishes. He can escape 
from obsessions, conquer the diseased craving for alcohol 
and narcotics, and get rid of numerous functional nervous 
disturbances. Finally, he can be taught to hypnotise him- 
self, and from henceforth—tfree from all external interference 
—can by self-suggestion produce phenomena identical with 
those just described. All these phenoména cannot be evoked 
in every case, but something can always be effected beyond 
the power of the waking will. 

The following is an interesting example of the spontaneous 
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and intelligent action of the secondary consciousness in an 
untrained hypnotic subject. I questioned Miss A. (the 
subject of the time experiments above referred to) during 
hypnosis, as to her mental life in previous hypnoses. She 
replied as follows:—‘‘ When you do not speak to me and 
nothing occurs that interests me directly, I generally think 
of nothing and pass into a condition of profound restfulness. 
Once, however, I had an important dress to make and was 
puzzled how to do it. After you had hypnotised me and 
left me resting quietly, I planned the dress. When Lawoke, 
I did not know I had done so and was still troubled 
about it. On my way home, I suddenly thought how the 
dress ought to be made and afterwards successfully carried 
out my ideas. I believed I had found the way out of the 
difficulty there and then in the waking state, I now know 
I did so some hours previously when hypnotised.” When 
the subject was aroused, she had no recollection of what she 
had said and still believed she had planned the dress when 
awake. The origin of this feat in dressmaking—one appa- 
rently beyond the subject’s normal powers—may: be taken 
as illustrating the possible source of the higher intellectual 
achievements of genius. 

Finally, there is evidence which shows, not only that 
there is a secondary consciousness which alternates with the 
primary one, but also that the two may act simultaneously 
and independently of each other. This is clearly demon- 
strated by the phenomenon of automatic writing. 


Automatic Writing. 


In, choosing a subject for automatic writing two things 
are essential, viz.: (1) he must be a somnambule, 7.¢., retain 
no memory on waking of what has passed in the hypnotic 
state, and (2) hypnosis must be capable of being induced 
and terminated instantaneously.. Thus, when the subject. 
is aroused immediately after the suggestion has been given, 
the problem must be solved in the waking state, although, 
as we shall see, not by the waking consciousness. 

I have often made the following and similar experiments. 
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I ask a subject while awake to write down a few verses; 
these I take charge of and do not show him again. I then 
make him read aloud from some book previously unknown 
to him, this being chosen in order to engage his entire 
attention. While reading I hypnotise him suddenly, place 
pencil and paper near his right hand, and suggest: “On 
waking you will go on reading where you left off, and at the 
same time write down how often b (or any other letter 
selected) occurs in the verses you gave me. Wake up.” 
He wakes, resumes reading, and at the same time writes 
down the answer to the problem suggested. This, almost 
invariably correct, is often done so rapidly that I have not 
had time to count the letters, even with the verses before 
me. I now tell the subject to stop reading, and ask him 
what he has written. He replies, “ Nothing,” and when 
I show him the paper, is astonished and declares he does 
not know what it means. I then re-hypnotise him, where- 
upon the lost memory returns, and he not only recalls the 
suggestion, but also the fact that he has carried it out. 

Thus, the primary waking consciousness retains no 
recollection of the hypnotic suggestions.. It does not know 
that the secondary consciousness, after the hypnotic state 
has been terminated, first solves the problems, and then 
directs the motor acts which record them. It is also 
‘unconscious of the motor acts themselves. 

Gurney made many interesting experiments with healthy 
non-hysterical men, which illustrate the severance of the 
normal, or primary, from the latent, or secondary, conscious- 
ness. Of these the following are examples:—(1) The first 
were simple cases which involved memory, but not in- 
dependent thought. Thus, Gurney showed P., one of his 
subjects, a planchette and made him write his name with it. 
P. was then hypnotised; told that it had been as dark as 
night in London on the previous day, and that he would 
record this fact in writing. On awaking he remembered 
nothing. His hand was then placed on the planchette— 
a large screen being held in front of his face, so that it was 
impossible for him to see the paper or the instrament—and 
in less than a minute he wrote, “It was a dark day in 
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‚London yesterday.” (2) In the next experiments state- 


ments were impressed on the subjects, but nothing was said 
as to subsequently recording them. After waking, however, 
the writing was executed as before. (8) Gurney made more 
complicated experiments with another subject. During 
hypnosis questions were asked about his past life, or arith- 
metical problems suggested. He was then awakened imme- 
diately, before he had time to think of a reply, and, to engross 
his attention, told to count backwards from a hundred; 
meanwhile the planchette wrote the correct solutions of the 
problems. (4) Further experiments involved the reckoning 
of time. These, however, were not confined to the execution 
of an order at a given moment, but involved, in addition, 
other calculations made in the waking state at a suddenly 
selected moment, regarding which nothing had been previously 
said to the subject. For instance, during hypnosis, he was 
told to do something at a given date, and also that, before 
this time arrived, he would be required to write down the 
number of minutes that had passed since the suggestion was 
given, as well as the number that had to elapse before its 
fulfilment. In the interval, when his hand was placed upon 
the planchette, he generally wrote the answers to the 
problems. The results, allowing for the time occupied in 
writing, were remarkably accurate. 


Remarks. 


The experiments in groups Nos. 3 and 4 showed, accord- 
ing to Gurney, that the hypnotic substrata included higher 
physical functions than mere random spurts of memory, 
viz., processes of deliberate reckoning and reflection, which 
it would be almost impossible to conceive as having only a 
physiological existence. In group 4, the order itself was 
remembered and realised by the secondary consciousness, 
while the primary consciousness was wholly without know- 
ledge of it. In Gurney’s opinion, these so-called automatic 
writings were, in most cases at all events, intelligent and 
involved mentation. When a statement was made which 
the subject was told he was afterwards to record in writing, 
the performance might possibly be regarded as an exclusively 
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automatic one, due to a “setting of the organism.” Some-- 


times, however, the impression was made without a hint as 


to the future— without the faintest suggestion that it would’ 


‘produce any result whatever; yet, in the midst of quite 
irrelevant surroundings and experiences, the phenomenon 
appeared as soon as the opportunity of “ automatic ” repre- 
sentation arose. Here the organism could ngt have been 
specially set for the effect. Further, if we regarded the 
action as purely automatic, we should be compelled to 
concede a singular power to hypnotic impressions, viz., 
that of stormg up energy in the brain which would work 
mechanically outwards along the motor nerves, as soon as 
the act of writing was sufficiently easy for the muscles. 
Moreover, memory on re-hypnotisation afforded strong evi- 
dence of mentation. Not only did the subject remember the 
original idea conveyed to him, and the fact that he had 
written something, but also the exact words he had used to 
convey his conception of the impression. Surely this indi- 
cated an intelligent apprehension of the words. We have 
seen that the memory of these so-called automatic acts 
could be recalled in hypnosis, but some of them, in addition, 
indicated the existence of a hypnotic memory superior to the 
normal one, as the facts recorded had occurred at an early 
period of the subject’s life and had long been forgotten. 


I.) Granting the existence of a secondary consciousness, 
how far does this explain all the phenomena we have 
been considering ? 


The facts just cited—and these might be supplemented 
by many more—apparently indicate not only that a 
secondary consciousness exists, but also that it can act 
simultaneously with, and independently of, the primary one. 
Even, however, if we grant the existence of a secondary 
consciousness, this does not explain all the phenomena of 
time appreciation and arithmetical calculation that we have 
been considering. 

Obviously if the intelligence of the secondary conscious- 
ness were at all comparable to that of the primary one, it 
would not be difficult for it to calculate the arrival of the 
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39th or the 128rd day from any given.date. In Gurney’s 
cases, it apparently performed this feat with ease, and the 
subject, when hypnotised, could recall the manner in which 
it had been accomplished. 

Here the secondary consciousness apparently acted in 
just the same way as the primary one might have done 
under similar circumstances; having to execute an order on 
the 39th day from a given date, it recalled the fact from time 
to time and noted how many days had passed and how many 
had to come. Many of the experiments I have cited, notably 
the more complicated ones executed by Miss A., present 
more difficult problems, and by none of the theories already 
considered can these be properly solved. Bernheim’s 
explanation, as we have seen, is in opposition to observed 
facts, while Gurney’s objections to that of Beaunis apply 
with even greater force to my cases. Thus, if there is little 
analogy between ordinary physiological periods of time, and, 
for example, 89 days chosen suddenly and arbitrarily by 
human volition, the analogy is still less between the former 
and, say, 20,845 minutes. 

Further, the secondary consciousness theory, while it 
affords a reasonable explanation of the way in which Gurney’s 
subjects carried out their suggestions, fails to account for 
much that is important in the cases I have cited. The 
following are the. principal points which demand explana- 
tion :—(1) The want of hypnotic memory as to the manner 
in which the suggestions were carried out. (2) The fact 
that the suggestions not only involved feats of arithmetical 
calculation and memory far beyond the subject’s normal 
powers, but also in some cases beyond their hypnotic ones. 
(3) The difference in the nature of the time appreciation 
required in Gurney’s cases and in those cited by me. 

(1) The want of hypnotic memory as to' the manner in 
which the suggestions were carried out. 

According to Bernheim, the hypnotic subject is conscious 
in all stages, and all the memories of hypnotic life, which 
are lost on waking, can be restored by suggestion or other 
means. This statement is not absolutely correct. Hypnotic 
life, it is true, is more conscious than the normal one, 
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and lacks the prolonged and regularly recurring periods of - 
unconsciousness, represented in the latter by sleep. Some- 
times, however, deeply hypnotised subjects receive’ impres- 
sions, and even perform acts, of which they are unconscious. 

Thus, (a) where anesthesia has been induced for surgical 
purposes, the subjects can recall nothing of the operations, 
either when awake or in subsequent hypnoses. Generally 
speaking, present forgetfulness does not prove past uncon- 
sciousness. When we find, however—in the instances 
where analgesia and hyperssthesia have been simultane- 
ously excited—amnesia as to certain sensations, associated 
with hyperzsthesia as to others, we have reasonable grounds 
for inferring that the sensations, which cannot be recalled, 
never reached consciousness. This view is further strength- 
ened by the fact that the operations were characterised by 
absence of shock, persistence of analgesia after waking and 
unusual rapidity in the healing process. 

(b) If a subject is told to be unconscious of everything 
until aroused by the operator, he will, if neither questioned 
nor ‘touched, take no notice of what is said or done around 
him, while suggestion, in subsequent hypnoses, often fails to 
revive any memory of what has taken place. 

(c) If a simple movement is suggested, of which volition 
does not disapprove, it may after a time become automatic, 
i.e., after having been frequently consciously and voluntarily 
performed, if may be executed unconsciously, as a genuine 
automatic. act, in response to the habitual stimulus which 
has excited it. Here, again, the lost memory cannot be 
recalled by suggestion in subsequent hypnoses. 

With the exception of examples of the three classes justi 
cited, the acts of hypnotic life are performed consciously 
and can be recalled by suggestion in subsequent hypnoses. 
Further, as the hypnotic memory is more exact and far- 
reaching than the normal one,-the absence of memory as - 
to some given circumstances of hypnotic life, other than 
. those just cited, is markedly suspicious. These suspicions 
are deepened when the forgotten act is analogous to those. 
invariably remembered by the hypnotised subject. Gurney’s 
` subjects easily remembered their calculations as to the days 
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that had passed, those that had to come and the terminal 
time of the experiment. In some instances, when the 
arithmetical problems involved were simple, Miss B., in 
subsequent hypnosis, recalled the fact that she had cal- 
culated out the terminal time of the suggestions and set 
herself to carry it out at the appointed hour. This, by the 
way, Gurney,asserted hypnotised subjects never did. When 
the experiments became more complicated, Miss B. ceased to 
do this, and then, like Miss A., was unable to revive in 
hypnosis the slightest trace of memory, as to the manner in 
which the suggestions had been carried out—they could 
then recall no calculations and no time watching, no fore- 
telling of the terminal time and no recognition of it when it 
arrived. Yet, from what we know of hypnotic memory, 
it is impossible to doubt that if calculations and observations 
of this kind had been made by the subject, they would have 
been able to have rememibered them when again hypnotised. 

(2) The fact that the suggestions not only involved feats 
of arithmetical calculation and memory beyond the subject's 
normal powers, but also in some cases beyond their hypnotic 
ones. 

Delbceuf pointed out that his subjects, in the normal 
state, were unable to make the necessary calculations in- 
volved in his time experiments; therefore the success of 
these experiments, he said, demonstrated that the subjects 
when hypnotised had an idea of the passage of time, and 
unconsciously calculated when the suggestions fell due. 
Experiments made in hypnosis, however, showed that the 
subject was quite incapable of calculating even much simpler 
problems than those involved, and, although this fact was 
recorded by Delbceuf himself, he apparently missed its 
significance. When Miss A. was asked to calculate in 
hypnosis when the suggestions fell due, she was wrong in 
the first nine instances, her errors frequently being extremely 
gross ones. Again, unless specially asked to do so, the 
secondary consciousness apparently made no calculations at 
all. The time appreciation, however, could not be carried 
out independently of such calculations, obviously the subject 
could not perform an act at the expiration of 40,845 minutes 
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- unless she—or some self, or consciousness, within her— 
knew the terminal time this represented. 

Further, in Miss A.’s case the hypnotic memory was 
apparently incapable of- retaining the complicated series of 
figures which were read to her. When she was questioned 
about them in subsequent hypnosis, but before the fulfil- 
‘ment of the suggestions, she always recalled that the latter 
had been made, but rarely correctly remembered their details 
—her recollection being less and less distinct in proportion 
to the time which had elapsed since they had been received. 

(8) The difference in the nature of the time appreciation 
required in Gurney’s case and in those cited by me. 

There is a marked difference between the recognition 
of a particular day on its arrival and the last minute in 
such a series as 20,845. A secondary self or intelligence, 
which can count the days that have passed and those 
that have to come and refreshes its memory by doing this 
every night, could have no difficulty in recognising the 
terminal day. The varying impressions from the external 
world, which tell us that a new day has dawned, would 
be received ‘as freely by the secondary as by the primary 
consciousness, and all that the former would have to do 
would be to associate them with the calculation if had made 
the night before, that the next day would be the suggested 
one. In my cases the problem is a widely different one. 
Granting that some intelligence worked out the arithmetical 
portion, and determined that the suggestion fell due, for 
example, at 3.25 p.m. a fortnight later, the determina- 
tion of the arrival of 3.25 differs widely from the recog- 
nition of the dawning of a particular day. Admitting 
that some intelligence, equal to the primary one, tried to 
determine when this moment arrived, circumstances, often 
specially arranged, added to the difficulties of the task. In 
some instances, for example, Miss A. was in a darkened 
room for several hours before the suggestion was executed, 
and absolutely without any of the ordinary methods of 
determining the time. Even if she knew what o’clock it 
was when she entered the room at noon, how could she 
determine when it was 3.25 ? 
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The general conditions of memory, then, in reference to 
the experiments I have cited, apparently show that the 
secondary consciousness—or at.all events such manifesta- 
tions of it as Gurney describes—-did not participate in them 
atall. Further, the feats in calculation and memory were 
beyond the power of that consciousness, while we have no 
evidence of the secondary consciousness carrying out time 
appreciations comparable to the particular cases-involved. 
- Some intelligence, however, must have made the arithmeti- 
cal calculations, and, further, corrected them when they 
were erroneously worked out by the secondary consciousness. 
Something also must have remembered the complicated series 
of figures and the varying results of the calculations, and also, 
in some fashion, noticed the time as it passed and connected 
this with the date given as the result of the calculations 
involved in the suggestions. Could the problems have been 
worked out by a third consciousness acting independently of 
the primary one? The theory that a multiple, as well as a 
secondary, consciousness exists is not a new one, although, 
as far as I know, it has not yet done duty in explaining the 
phenomena of time appreciation. I propose now to examine 
some of the alleged cases of multiple consciousness, and 
later to see what light, if any, they throw upon the problems 
we have been considering. 


4 


CASES OF SO-CALLED MULTIPLE CONSCIOUSNESS. 


Sarah L. was the first person in whom I found any 
evidence of so-called multiple personalities, and when she 
came under my notice about ten years ago I knew nothing 
of the literature on the subject. In the normal state she 
was quiet, respectful and somewhat shy, and retained this 
character when I hypnotised her. She was a profound som- 
nambule; in the waking life she knew nothing of the events 
of hypnosis, but in hypnosis could recall all the memories of 
the normal state as well as the incidents of hypnotic life. 
-In 1889, the late Mr. Bendelack Hewetson, of Leeds, 
operated on her for double strabismus, the only anesthetic 
employed being hypnotic suggestion. Later, she sustained a 


* 
e 


216 > ORIGINAL ARTICLES AND CLINICAL CASES 


severe fracture of the nose; there was a good deal of dis- 
placement and the parts were swollen and extremely painful. 
Profound anesthesia was again induced by suggestion and 
the bones moulded into position; in each instance the occur- 


rence of subsequent pain was entirely prevented by sugges- _ . 


tion. Further, the patient was also cured of attacks of 
migraine, from which she had suffered since the age of 7, 
while, after fifteen months’ amenorrhwa, menstruation ap- 
peared at a suggested date. The above details are cited in 
order. to show the Boe and profound character of the 
hypnosis. 

Before coming under my care Sarah L. had been hypno~ 
tised' and exhibited by a stage performer, and, some timé 
after the events just recorded, her mother told me that Sarah 
occasionally hypnotised herself, and that the condition then 
differed markedly from the one I induced. After some 
coaxing the girl consented to hypnotise herself, and went 
through the following performance :—First, she closed her 
eyes and appeared to pass.into a lethargic state, then, a few 
minutes later, awoke with a changed expression ; instead of 
having a shy and modest air, her eyes sparkled and she 
looked full of mischief. In place of addressing me as “Sir” 
—she had formerly been a servant of mine, and an ex- 
tremely respectful one—she put her hand on my arm and 
said in a familiar way, “I say?” She then began to ask 
me impertinent questions about the persons she had seen at 
my house, and to criticise them in a particularly free and 
sarcastic fashion. The performance was so interesting and 
amusing that I got the patient to hypnotise herself on a 
good many occasions. The same phenomena always ap- 
peared ; ‘she invariably became familiay, inquisitive and sar- ` 
castic, while her highest praise for anyone she approved of 
was conveyed in the words, “ She'll do.” Other facts were 
noticed and reported to me by her mother. Thus, some- 
times when Sarah hypnotised herself, she would’ remember 
that her mother owed her a few coppers and insist upon 
having them at once, If they were refused, she would take 
them by force; to this, however, her mother lent herself. 
The girl would then generally go out and buy oranges, and, 
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on her return, eat them all herself; this selfishness -was 
quite out of keeping with her normal character. Sometimes, 
when her mother asked her to do work that was distasteful 
to her, such as blacking the grate, she would induce self- 
hypnosis with profound lethargy and remain apparently 
deeply asleep for hours. I never taught her to hypnotise 
herself, nor, as far as I could learn, had this been done by 
anyone else.” During this third stage she remembered every- 
thing that had happened in previous conditions of this kind, 
and also the events of the normal state and those of ordinary 
hypnosis, but the waking consciousness and the ordinary 
hypnotic one knew nothing of the events of this third state. 
After I had observed the condition for some time, I con- 
cluded that it was not likely to be beneficial to the patient, 
and suggested, during ordinary hypnosis, that she should 
lose the power of creating it. The suggestion was successful 
and the condition never reappeared. 

Pierre Janet has been fortunate in finding several’ 
patients who apparently possess multiplex personalities, 
and has published full and interesting accounts of their 
cases. Amongst these that of Léonie —— is, I think, one 
of the most striking. This patient, aged 45, apparently 
possessed three distinct and well-marked personalities, viz., 
Léonie I.; the Léonie of normal life, a serious and sad 
peasant woman, calm, slow, gentle and timid.. Léonie II. ; 
Léonie in the ordinary hypnotic state, a gay, noisy, restless 
being, given to irony and bitter jesting, who describes her - 
visitors in an impertinent fashion and apes their airs and 
graces. Léonie II. refuses to identify herself with Léonie 
I., and calls the latter a stupid woman. Leonie has had 
attacks of natural somnambulism since she was three years 
old, and from 16 upwards has been frequently hypnotised 
by various people. Now, when Léonie II. is called to the 
front, she knits together the events of her natural and ïn- 
duced hypnotic state and forms the history of her life from’ 
them; the memories of waking life are not forgotten, but 
these are ascribed to Léonie I. 

When Leonie II. is hypnotised more deeply there appears 
a third personality, Léonie III., who is grave, serious, 
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slow in speech and movement. This Léonie separates 
herself both from Leonie I. of waking life and the Léonie 
II. of the ordinary hypnotic state. The former she describes 
as a good, but rather stupid woman, and the latter as crazy. 
“ Fortunately,” she says, “ there is nothing of me in either 
of them.” Leonie I. knows herself alone; Leonie II. her- 
self and Leonie I., while Léonie III. not only knows herself 
but also the two others. Léonie I. has only & visual con- 
sciousness ; Léonie II. has both visual and auditory, while 
Léonie III. has a visual, auditory and tactile one. Léonie 
I. is embarassed and ashamed when Leonie II.’s friends, 
who are strangers to her, speak to her in the street. Léonie 
II. spontaneously writes letters, which Léonie I. finds and 
destroys, as she does not understand them. Afterwards 
_Léonie II. hides her letters where she knows Léonie I. will 
never look for them. Leonie II. visits places where Léonie 
I. has never been, then disappears and pushes Léonie I. to 
the front, leaving her frightened by her strange surroundings. 

According to Janet these three personalities, which deny 
and despise each other, not only existed in successive forms, 
but did so simultaneously. While Léonie I., for example, 
is apparently the only Leonie, other personalities are inside 
of the same woman, each of them sensible and wide awake 
and occupied with her own affairs. 

In “An Experimental Study of Visions’ (BRAIN, 1898) 
Dr. Morton Prince records some interesting experiments 
which he made with Miss X., a patient who suffered from 
hysterical neurasthenia. Miss X. was easily hypnotised 
and at first passed into the ordinary, deep stage, then, 
when ordered to sleep more profoundly, a fresh condition 
developed, which differed both from that of waking life and 
ordinary hypnosis. According to Dr. Prince those stages 
formed three distinct personalities, viz. :— 

"X. I. The Miss X. of ordinary waking life, who is 
reserved, morbidly conscientious, self-contained, serious, 
deferential and dignified. 

X. II. The Miss X. of the primary hypnotic condition, 
who is sad, serious, and apparently weak and suffering. l 

X. III. The Miss X. of the secondary or deeper hypnotic 
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state, who is flippant and jovial, free from all physical in- 
firmities, full of fun and reckless. 

X. I. remembers the events of waking life alone and 
knows nothing of X. II. and X. II., while X. IL. re- 
members all that has passed in previous primary hypnotic 
states, also all that X. I. can recall, and, in addition, some 
other events of waking life which X. I. has forgotten. 

X. III. femembers all the events of the secondary or 
deeper hypnotic stages, as well as everything X. I. and 
X. UL. can recall. In addition, she can describe incidents 
in the past life of X. I. which are lost to the memory of 
the latter, and can thus explain much that the waking 
personality is at a loss to account for. She knows-all about 
many of the little absent-minded doings of X. I., and does 
not hesitate to voluntarily tell of them, although X. I. is 
morbidly and unnecessarily reserved about her whole life. 

Dr. Prince made this tripartite personage look into a 
globe, which took the place of the ordinary glass ball used 
in crystal gazing, and describes the visions which the 
different personages saw. The following is one of the most 
interesting of these :— 

X. III. was the person in action and voluntarily related 
the following incident, telling it with great gusto as a joke 
against Miss X. (X. I), whom she talked of as “ She.” 
““She’ received a letter from a photographer yesterday. 
‘She’ put it into her pocket where ‘She’ had some bank- 
notes. Then, as ‘She’ walked along, ‘She’ took out the 
money and tore it to pieces, thinking it was the letter. 
‘She’ threw the money into the street.” In response to 
questioning X. ITI. repeated the words of the photographer’s 
note and counted mentally, with some difficulty and concen- 
tration of thought, the amount of money. X. II. said that 
“She” was absent-minded and thinking of something else 
when “She” tore up the money. Hypnosis was now 
` terminated and the ordinary personality, X. I., appeared, 
who, in reply to questions, stated that she had received a 
letter from her photographer which she had torn up, and 
that she had the bank-notes in her pocket. She was asked 
ta show them and produced the letter. This surprised her, 
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` but she thought she must have left the bank-notes at home, 
and could not believe she had destroyed them. The notes 
were undoubtedly lost, and an account of the occurrence, 
similar to that given by X. III., was obtained by making 
Miss X. (X. I.) look into the globe and suggesting that she 
should see what had really happened. Here, apparently, 
the ordinary hypnotic state, namely, X. IT., was induced by 
indirect suggestion and fixed gazing, and the vision appeared 
in response to the suggestions of the operator. 

Crystal gazing, the method employed by Dr. Prince, is 
not really necessary for the production of hypnotic visions ; 
it simply acts by presenting a point upon which the 
suggested memories are concentrated, and rendered, as it 
were, objective. Any memory which exists in the hypnotic 
consciousness can be evoked by suggestion without the 
crystal. Under ordinary circumstances the hypnotic sub- 
ject rarely visualises his memories, but when he looks into 
the crystal this is a direct suggestion that he should see with 
his eyes what has happened. I have frequently made 
similar experiments with hypnotic subjects, and, in place of 
the crystal, made them look at the top of my stethoscope, 
which answered equally well. 

The following account is condensed from the notes 
kindly supplied me by Dr. Albert Wilson, of Leytonstone. 

Mary W., born October, 1882, had in April, 1895, an 
attack of meningitis associated with influenza. During the 
third and fourth weeks of the illness there was high tempera- 
ture, with delirium bordering on mania, and she called 
people snakes and did not recognise her friends. In the 
fifth week, during convalescence, her character changed, and 
she began to give those around her names which were not 
their own—thus, her father was Tom, her mother Mary Ann, 
&c. About the sixth week attacks of secondary personality 
appeared. The patient would suddenly turn a somersault 
on the bed and then assume a new character—returning 
suddenly to the normal, and resuming what she had been 
occupied with before the attack. At first the seizures 
lasted from ten to fifty minutes, but increased to hours, days 
and weeks as the time went on. The secondary self knew 
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nothing of the primary one and vice versd; further, the 
secondary self had apparently lost much of the knowledge 
the primary one had acquired. Thus, in the second state, 
the patient did not know what her legs and arms were and 
was childish in her talk. She could write her name, how- 
ever, but this she did backwards, beginning at the tail of the 
last letter and writing quickly from right to left—not mirror 
writing. 

After a few months the periods of normal life become 
shorter, and in place of one secondary stage various others 
showed themselves from time to time. Of these there were 
sixteen in all, termed by Dr. Wilson stages a, b, c,d... p. 
In each stage the subject remembered what had happened 
during previous attacks of the same stage, but knew nothing 
of what had occurred in any of the other stages, while the 
primary personality remembered events in the normal life 
alone, and knew nothing regarding any of the incidents 
which had happened in any of the numerous other states. 

At the end of a year the normal condition rarely appeared, 
and then only as a flash—sometimes coming to the surface 
for five or ten minutes, sometimes only for a few seconds. 

The following stages or personalities were noted, most of 
them being named by the patient herself :— 

(a) The patient calls herself “ Thing”; she is vacant; 
knows nothing of her past life and cannot stand. 

(b) Calls herself “Old Nick” and is passionate and 
mischievous. 

(c) Here there is catalepsy with deaf-mutism, but the 
patient writes down all she wants. 

(d) In this stage the patient has forgotten not only the 
incidents of normal life, but apparently also much of the 
general knowledge acquired during it. In writing she 
spells backwards in the manner already described. 

(e) A stage characterised by terror. 

(f) Here the patient calls herself ‘‘Good Thing,” and is 
docile, but usually without power in feet or hands; this 
stage, however, is quite distinct from (a). 

(g) The patient now calls herself “Pretty dear”; is 
sweet and amiable, but cannot, write or spell. 
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(h) Calls herself “Mamie Wud”; in this stage she 
recalls the events of childhood better than when awake, but 
is unable to remember anything about her illness. 

(i) This stage is somewhat like (d), when in it the patient 
knows nothing and thinks she is just born. 

(k) Here the patient calls herself “Old Persuader,” and 
asks for a stick to strike people with if they won’t do what 
she wishes. 

(D She now calls herself “ Tom’s darling,” and is appa- 
rently a nice child. 

(m) In this stage she asserts that she has “no name,” 
and is violent and unkind. 

(n) She now calls herself ‘‘ The dreadful wicked thing ” ; 
throws her slippers into the fire in a temper, &c. 

(0) In this stage she calls herself “ Tommy’s lamb,” and 
is blind and idiotic. ; 

(p) In December, 1896, a further stage developed, which 
lasted till February, 1897. The patient now kept saying 
“ picters,” and drew beautifully, even being able to do so 
when she was prevented from seeing the paper on which she 
was drawing. The original self was unable to draw. 
During this stage the pupils were dilated and reacted feebly 
to light, while the patient was apparently insensible to 
‘sound. 

As time went on, the patient, when in abnormal stages, 
began to have some idea of what had taken place in her 
ordinary life; when in the latter condition, however, she 
still had no recollection of anything that had happened in 
any of the abnormal stages. In July, 1898, she passed into 
a condition much more closely resembling the normal one; 
she was still, however, childish and called herself ‘‘ Critter 
Wood.” 

At the present time (Summer, 1900) five years since the 
commencement of her illness, she has apparently settled 
down in stage (g), but has been taught that Mary W., not 
“ Pretty dear,” is her name. She is a fine, healthy, well- 
developed girl, who helps in the house and is anxious to 
learn typewriting in order to keep herself. Her character, 
however, differs slightly from her original one, and she is 
still somewhat childish at times. 
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Gurney stated that he had experimentally demonstrated 
the existence of positive and distinct stages of memory 
within the conscious: portion of the hypnotic trance. The 
subjects of these experiments were first hypnotised lightly, 
and something was told them which they were asked to 
remember. Deeper hypnosis was then induced, when the 
subject was asked what he had just been told ; it was found 
that he neither remembered what had been related to him, 
nor even the.fact that he had been told anything at all. 
While in this deep stage, which Gurney termed B, some 
new incident was related to the subject which he was again 
asked to remember. He was then recalled to the lighter 
stage, termed A by Gurney, and asked to repeat what he 
had been told; he had forgotten what he had heard a few 
minutes before in stage B, but repeated instead what had 
been told him in the earlier stage 4, in which he now again 
found himself. Brought once more to B, he similarly 
remembered what he had been told in that state, while he 
was again completely oblivious of what had been impressed 
upon him in A. On waking he retained no memory of 
anything that had been told him in either stage. 

Many cases, of which the following is an example, were 
cited by Gurney to illustrate these alterations in hypnotic 
memory :— 

S., a young man living at Brighton, was told in state 4, 
the lighter stage of hypnotic trance, that the pier head had 
been washed away, and in state B, the deeper stage of 
trance, that an engine boiler had burst at Brighton station 
and killed several people. He was then brought from stage 
B back again to A, when he recalled all that had been 
told him about the accident to the pier. Hypnosis was 
again deepened; stage B appeared, and the following 
conversation took place between the operator and the 
subject: — 

Operator: “ Sub I suppose they vn soon pe able to 
build a new one.’ 

Had the pier been present in S.’s mind, this Ben said 
Gurney, would naturally have been taken to refer to it, as it 
had formed the subject of conversation only a few seconds 
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before. 6S., however, at once replied: “Oh, there are plenty 
on the line ’—meaning plenty of engines. 

Operator : “ The pile-driving takes time, though.” 

8.: “ Pile-driving? Well, I don’t know anything about 
engines myself.” 

The subject was now brought back to stage A, and the 
conversation continued :— 

Operator : “ T£ they have plenty more, it does not matter 
much.” ` . 
S.: “Oh, they can’t put it on in a day; it was a splendid 
place.” 

Operator: “ Why, I am talking about the engine.” 

S.: “Engine! What, on the pier? I never noticed one 
there.” 

Here the subject’s mind had evidently again reverted to 
what had been told him in stage A. 

In the above case, as in all others of a like nature cited 
by Gurney, the normal self knew nothing of stages Aand B, 
and these knew nothing of each other. 

Before considering multiple personality, in reference to 
feats of calculation and time appreciation, I wish to examine 
‘ the characteristics of the various examples of secondary and 
multiple personality we have been considering. The cases, 
which present many different phenomena, may be grouped 
as follows :— 

Crass I.—Those more or less closely associated with 
morbid states, and presenting phenomena which range from 
amnesia with alterations in character, to conditions similar 
to those presented by Felida X. _ 

Crass II.—Cases of ordinary hypnotic somnambulism, 
which afford evidence of a secondary personality. 

Crass III.—Cases of hypnotic somnambulism, presum- 
ably showing evidence of multiple personality. 

Crass IV.—Time appreciation, &c., like those of George 
Savage and Marcus Hartog. 

Crass V.—Instances where mental work, varying from 
the recollection of a forgotten name to the so-called inspira- 
tions of genius, have apparently been carried out by some 
consciousness other than the ordinary one, and in some con- 
dition other than hypnosis. 
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Crass I. 


At the lower end of this class Hyslop, in his ‚article on 
“Double Consciousness,” British Medical Journal, Septem- 
ber 23, 1899, includes cases in which the patients, after a. 
seizure of some sort, performed certain acts of which their 
ordinary consciousness was ignorant. These varied from 
purposeless qutomatic ones to thefts committed with more 
or less skill or cunning, and, apparently, were neither re- 
called in the normal state nor in subsequent attacks. At 
the other end of the group Hyslop cites Félida X., whose 
case, already reported, differs in many respects from. those 
just referred to. The changes in memory, whether modifica- 
tions or disturbances, are the most important phenomena in 
connection with double and multiple personalities, and in 
Class I. these may be grouped as follows :— 

(a) Cases where purposeless automatic acts occur, re- 
garding which there is no subsequent revival of memory in 
any normal or abnormal state. 

_ (b) Where more or less intelligent Pe are akute: 
which again are never. subsequently recalled, either in 
primary or in secondary states. 

(c) Here there are two or more conditions, each charac- 
terised by distinct chains of memory: (1) The primary or 
normal, in which the events of ordinary life alone are re- 
membered, and (2) the secondary or multiple, in which the 
occurrences of these states are alone recalled. ` 

(d) Here the primary state only possesses a memory 
of its own life, while the secondary has a memory of its 
own life, and that of the primary one also. Further, the 
secondary self can often recall much which the primary has 
forgotten. 

Many of the cases also differ widely in their moral and, 
physical aspect. Thus some of the patients, who were. 
gentle and good in the normal state, became violent and 
criminal in the secondary one. Others changed in the | 
reverse fashion both morally and physically; some, like 
Félida, who were ill-tempered, querulous invalids in, their 
ordinary condition, became bright, cheerful, good namaed, 
and more intelligent in their secondary one. 
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Cuass II.—Cases of ordinary hypnotic double personality. 


These correspond with the subdivision (d) just given 
under Class I., and the secondary self is always richer in | 
memories than the primary one. It is also, generally speak- 
ing, healthier and more refined. 


Crass ITI.—Cases of hypnotic somnambulism, presumably 
associated with multiplex personality. 


Here varying and important changes in memory are 
to be observed. In typical cases we have (a) a primary 
condition, which knows itself alone; (b) a secondary one, 
which knows itself and the primary one; and (c) a third, 
which knows itself and the other two also, and can recall, 
in addition, much which has been unconscious in the 
primary life, or that has been forgotten by the primary con- 
sciousness. Usually, the secondary self is superior to the 
primary one, morally, intellectually, and physically, while 
the third, in its turn, rises above the second. Sometimes, 
however, as in Dr. Prince’s case, the third personality 
appears like an evil sprite, who rejoices at the misfortunes of 
the primary one. 

In some cases, such as those cited by Gurney, the two. 
hypnotic selves had each a separate chain of memory and 
held, as it were, no communication with each other. 

In Miss A.’s case the third personality only showed 
itself in its results—calculations, time appreciation, &c., and 
I never succeeded in artificially tapping it for purposes of 
examination. Had I been able to do so, doubtless I should 
have found that it could recall the calculations, &c., which 
presumably it had made. It is to be noted that the secondary 
consciousness was incapable of . performing the feats in 
. arithmetic, &c., which the tertiary one found no difficulty 
in executing. 


- Crass IV.—Time Appreciations, like those of George Savage: 
and Marcus Hartog. 


Neither of these observers can trace any memory of the 
process by which they arrived at their results. This, how-. 
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ever, does nọt prove unconsciousness or forgetfulness, as far 
as some personality is concerned, it only shows that, as in 
Miss A.’s case, we have. not discovered the way of evoking 
the memories. The repetition of Savage’s early wakings on 
subsequent unnecessary occasions, apparently showed that 
he was capable of starting, but not of regulating, the 
mechanism on which these depended, while Hartog appa- 
rently possessed more control over his secondary self. 


-Crass V.—Cases of Subconscious Performance of Mental 
Work in Non-hypnotic Conditions. 


Here, again, it has been impossible to. revive any memory 
as to the means by which the work has been done. Judging 
from the analogies of hypnotic life—we may instance par- 
ticularly the dressmaking experience already referred to— 
it seems probable that such memories exist, and that the 
secondary self knows how and when it did the work, which 
the primary one flatters itself it has performed. 

The importance of memory in relation to subconscious 
states is insisted on, both by William James and Myers. 
According to the former, the theory of “ double conscious- 
ness” is only, after all, a development of what is found in 

. Locke’s famous chapter on ‘‘ Identity and Diversity,” namely, 
that personality extended no further than consciousness and 
that there would be two different persons in one man, if the 
experiences undergone by that man fell into two groups, 
each gathered into a distinct focus of recollection. Further, 
says James, “It must be admitted that, in certain persons 
at least, the total possible consciousnesses may be split into 
parts which coexist, but mutually ignore each other and 
share the objects of knowledge between them, and—more 
remarkable still—are complementary.” 

In Myers’ opinion the formation of a secondary chain 
of memory is the fundamental point in hypnosis and not 
mere susceptibility to hypnosis. This chain of memory is 
essential to the grouping of the various acts which manifest 
the secondary consciousness. This classification excludes, 
and I think justly so, some of the cases cited by Hyslop. 
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Amnesia, even when associated with alterations in character, 
does not constitute double consciousness. If it did the 
bather who had forgotten the number of his machine and 
lost his temper, might be described as a case of secondary 
personality. 

What are the exciting causes of the secondary and multiple 
personalities ? 

To this question no Sehe answer has been given. 
Shock, hysteria, &c., are said to. be the origin of the 
phenomena in Class I., but these terms’ explain nothing. 

` We know little of the essential conditions associated with 
these morbid states, nor why they should produce a severing 
of the personality in some instances ‘and not in others. 

Hypnotic conditions are induced by certain well-recog- 
nised methods, but I can see no logical connection between 
the acts of fixed gazing, concentration of attention, sug- 
gested ideas of drowsy states, and the widely varying 
phenomena of hypnosis. The latter do not appear sponta- 
‘neously, and some of the methods described must have been 
employed in every case before primary hypnosis was induced, 
but I cannot conceive the idea that the methods explain the 
phenomena. 

At first, I considered cases of so-called multiple enon. 
alities—where these were hypnotic in origin—as simple 
subdivisions of the ordinary hypnotic state, produced artifici-- 
ally by ‘suggestion. The appearance of the phenomena of 
appreciation and calculation of time in absolutely untrained 
subjects—phenomena which the secondary consciousness 
could not produce and of whose workings it was ignorant— 
has caused me to modify this view. 

The time appreciation of Savage and Hartog and the so- 
called inspirations of genius—the results of mental work, 
which come suddenly, as a finished product, into the primary 
consciousness—are as difficult to explain, as the hypnotic 
cases we have just been considering. 

. Multiple personalities, in relation to time appr ib 
‚and calculation. 

In the experiments cited, especially Miss A.’s, we noticed 

(1) that the ordinary hypnotic consciousness possessed no 
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` recollection of having made the calculations necessary for 
finding out the terminal time, and (2) could not recall any 
‚form of time-watching. Further (3), the ordinary hypnotic 
memory was incapable of retaining the complicated series of 
suggestions; it remembered they had been made, but could 
not recall their details. The-results of the time appreciation 
and calculation, presumably due to a third consciousness, 
appeared as a sudden uprush into whatever personality— 
waking, sleeping, or ordinary hypnotic—happened to be 
present at the moment. "When the ordinary hypnotic con- 
sciousness had been asked to make the necessary calcula- 
tions and did so erroneously, the third personality ignored 
. these mistakes and did iis work correctly. Further, the 
passage of the message from the third to the second person- 
ality, seemed to make a particularly strong impression upon 
the latter, or to leave, for some time at all events, the door 
of communication open between the two. Thus the second 
personality, which had forgotten the details of the sugges- 
tions before these were carried out, could recall them accu- 
rately a fortnight after they had been executed. 

Granting that the third consciousness or personality per- 
formed the feats in calculation and time appreciation, the 
question still remains: ‘‘ How was it able to do it?” It 
matters little whether we regard the third personality as 
really distinct, or as an artificial division of the secondary 
one, we have still to solve the problems as to the nature and 
origin of the powers of the hypnotic self, and particularly 
their capacity for dealing with time appreciations and calcu- 
lations, such as we have been considering. s 


THEORIES AS TO THE ORIGIN OF THE POWERS, OR 
PHENOMENA, OF THE SECONDARY AND MULTIPLE SELVES. 


Delbæuf’s Theory.—According to Delboeuf, the various 
animal functions which the human waking will is now 
unable to influence, but which the hypnotic self can control, 
were the revival of a power possessed by lower animal forms 
—the remote ancestors of our race.. These powers had 
dropped out of the ordinary consciousness in the process of 
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evolution, as their association with it had become unneces- 
sary in the struggle for- existence. Granting that a limited 
- analogy exists between lower animal types and hypnotised 
subjects, as to their power of influencing certain physical 
conditions, it would, I think, be impossible to establish an 
analogy between the mental and moral capacities of the 
latter and those of the savage or lower animal. The arith- 
metical powers suddenly developed by Miss A. are not likely 
to have been derived from some savage ancestor, who was 
unable to count beyond five, or from some lower animal 
presumably ignorant of arithmetic. Again, the same sub- 
ject spontaneously solved, in hypnosis, a difficult problem in 
dressmaking. The ability to correctly design a garment, in 
accordance with the present fashion of the day, can hardly 
have been derived from some woad-stained ancestor, or lower 
animal form. l 
Hyslop’s Theory.—Hyslop (“Double Consciousness,” 
` British Medical Journal, September 23, 1899), attempts to 
explain the phenomena of double consciousness, by a 
supposed inhibition of the amæboid movements in the pseudo- 
podic protoplasmic prolongations of the neurospongium. As 
the result of this, the connection between the nerve-cells is 
interrupted, and the nerve currents which, under ordinary 
circumstances, would pass freely from one to another, now 
cease todoso. These physiological phenomena, he says, have 
their psychical counterpart; the interruption of the nerve 
currents, on the physical side, being represented, on the mental 
one, by a breaking of the seriality of thought and a loss of 
the elements, which go to make up consciousness and con- 
sciousness of self. To this theory various objections might 
be raised :—(1) The conditions which Hyslop would explain 
by it—“ the amnesic defects which,” be says, “go so far 
to constitute what we call double consciousness” are just 
those conditions which are not characteristic of secondary 
consciousness. It is true that some of the cases he cites, as 
illustrating double consciousness, were practically character- 
ised by amnesia alone, but these, as I pointed out, must be 
excluded from the category, as they lack that chain of 
memory which is essential to the manifestation of double 
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consciousness. Félida X., also cited by Hyslop‘as an 
example of double consciousness, must be taken as the 
characteristic and fully developed type of the condition we, 
are discussing. Here, the secondary self was not only 
superior physically and mentally to the primary one, but it 
also far surpassed it in memory. As time went on, the 
primary self only appeared as occasional attacks of amnesia, 
and thus, ff it is essential to have a theory to explain 
amnesic defects, it is thase of the primary, and not of the 
secondary self, which demand solution. Further, those very 
amnesi® of the primary consciousness form a part of the 
memories of the secondary one. In Felida’s case the 
secondary personality ultimately gained a complete ascend- 
ancy over the primary one, and, after a time, her periods of 
normal life—rare of occurrence and’ short in duration— 
appeared to her only as an illness, characterised by forgetful- 
ness of events occurring in what was now, to her, her 
normal existence. In this secondary state, there was 
neither decrease of volition nor anything wanting of that 
complete self which forms consciousness. 

Hyslop, it is true, confines himself to instances of double 
consciousness, associated with morbid conditions, but the 
phenomena presented by Félida X., notably those of memory, 
are closely analogous to those characteristic of the hypnotic 
state, and his theory, if correct, should be equally applicable 
to both conditions. Until recently, the mental states 
involved in hypnosis have been little understood; the sub- 
jects have been supposed to be automata, wanting in volition 
and consciousness of self. The contrary, however, is the 
case ; volition and memory are increased in hypnosis, con- 
sciousness of self is as vivid as in the normal state, and the 
general intelligence is aften improved. It is these phe- 
nomena which demand an explanation, not the suppositious 
ones, which are based on mal-observations. Starting from - 
erroneous premises, many authorities have attempted to 
explain the phenomena of hypnosis by an inhibition of 
some form or another of mental activity, and Hyslop’s 
theory itself is simply a very old and well-known one 
masquerading in a novel garb. Indeed, it was clearly 
stated by John Hughes Bennett in 1851. 
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Bennetts Physiological Theory.—According to Bennett, 
hypnosis was characterised by alterations in the functional 
activity of the nerve-tubes of the white matter of the 
cerebral lobes. He suggested that a certain proportion of 
these ‚became paralysed through continuous monotonous 
‘stimulation, while the action of others was consequently 
exalted. As these tubes connect the cerebral ganglion cells, 
suspension of their functions was assumed to bring with it 
interruption of the connection between the ganglion cells. 
Bennett's Psychical Theory.—From the psychical side _ 
he explained the phenomena of hypnosis by the action of 
‘predominant and unchecked ideas. These were able to 
obtain prominence from the fact that other ideas, which 
under ordinary circumstances would have controlled their 
development, did not arise, because the portion of the brain 
with which they were associated had its action temporarily 
suspended, t.e., the connection between the ganglion cells 
was broken, owing to the interrupted connection between 
the fibres of association. Thus, he says, the remembrance 
of a sensation can always be called up by the brain; but 
-under ordinary circumstances, from the exercise of judgment, 
‘comparison and other mental faculties, we know it is only 
a remembrance. When these faculties are exhausted, the 
suggested idea predominates, and the individual believes in 
‚its reality. In this manner, we attribute to the faculties of 
the mind, as a whole, a certain power of correcting the 
fallacies,: which each one of them is liable to fall into, in the 
same way that the illusions of one sense are capable of being 
` detected by the healthy use of'the other senses. There are 
illusions mental and sensorial; the former caused by pre- 
dominant ideas, and corrected by proper reasoning; the 
latter caused by perversion of one sense, and corrected by 
the right application of the others. 
In hypnosis, then, according to this theory, a suggested 
idea obtained prominence and created mental and sensorial 
-illusions, because the check action—the inhibitory power— 
“of certain higher centres had been temporarily suspended. 
_ Bennett’s theory, before it was finally enshrined by 
Hyslop in charmingly simple scientific phrase, had prac- 
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tically served the turn of all those who regarded the hypnotic 
personality as a limited or degraded form of the normal one. 
Thus, according to Heidenhain, the phenomena of hypnotism 
owed their origin to the arrested activity of the ganglion 
cells of the cerebral cortex. Because these were inhibited, 
sensory impressions, which usually produced movements, 
after passing to the higher centres and evoking conscious- 
ness, now did so by passing directly to the motor centres. 
This theory was accepted -by Professor McKendrick, of 
Glasgow, and restated by him in the last edition of the 
“Encyclopedia Britannica,” as giving a true and scientific 
explanation of the phenomena of so-called animal magnetism. 
“Many objections have been successfully raised to this theory, 
while the supposed facts upon which it is based have been 
amply demonstrated to be without foundation. 

Heidenhain simply reproduces the physical side of 
Bennett’s theory, while Bernheim, although he denies all 
physiological change in hypnosis, faithfully reproduces the 
corresponding psychical one. , 

Bennett’s theory crops up again in Vincent’s “ Hypno- 
tism.” Thirty-two pages are devoted to “neurons” and. 
“dendrons,” “inaptic ” and “aptie” acts and reasons for 
rejecting the term “reflex.” Finally we arrive at the 
hypnotic theory, which is founded simply on an inhibition 
of one set of functions—with an increased capacity of action 
in the others—the inhibition and dynamogeny of Brown- 
Séquard. “The stimulus,’ Vincent says, “instead of being 
dissipated amongst an indefinite number of neuronic groups, 
is confined to those whose function is the pure appreciation 
of the stimulus; the other groups, whose function is the 
consideration of the reasonableness of the suggestion, and 
the development of the stimulus in other conscious directions, 
are inhibited.” 

Sidis, in the “ Psychology of Suggestion,” explains the 
phenomena of hypnosis in exactly the same way. ‘‘ There 
is,” he says, “a functional dissociation between the nerve | 
cells. The association fibres that connect groups into 
systems, communities, clusters, constellations—contract. 
The fine processes of the nerve cells, the dendrons, or the 
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termination, arborisation, or the collaterals that touch these 
dendrons, thus forming the elementary group—retract and 
cease to come into contact.” He further discusses which 
association fibres give way first, and whether the neuraxon 
is contracted as a whole or whether the fibrille alone 
contract and so withdraw the terminal arborisations for 
minute distances. All this might be of interest if it were 
related in any way to the subject in dispute. THe phenomena 
to be explained, however—increased memory, intelligence, 
&c.—are just the exact opposite of those which have been 
assumed, and theories, no matter how elaborate, nor how 
learned in terminology, are valueless when founded upon 
imaginary mental states, the existence of which is simply 
assumed by the operator. What does it matter whether 
lack of consciousness or loss of memory be produced by 
interruption of association fibres, arrested action of ganglionic 
cells of the cerebral cortex, retracted dendrons or discon- 
nected neurons, or even by an inhibition of the ameboid 
movements in the pseudopodic protoplasmic prolongations of 
the neurospongium, if the problems we are dealing with are 
_ actually an increase of intelligence, consciousness, volition 
and memory ? 

Janets Theory.—According to Pierre Janet, the secondary 
self is always a symptom of hysteria, while the essential 
fact about hysteria is its lack of synthetising power, and 
the consequent disintegration of the field of consciousness 
into mutually exclusive parts. Further, the secondary and 
primary consciousness added together never exceed the 
normally total consciousnesses of the individual. 

Here the generalisation is certainly far too wide. Doubt- 
‘less many cases of secondary consciousness correspond 
with Janet’s description, others, however, present condi- 
tions which are its exact opposite. Thus, while hysteria, 
is @ prominent symptom in cases of spontaneous secondary 
consciousness, it is, on the other hand, not necessarily 
connected in any way with hypnotic form. Thousands of 
healthy men, absolutely devoid of any trace of hysteria, 
have been hypnotised, while hysteria itself, instead of 
favouring the induction of hypnosis, renders it more 
difficult. 


. 
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Further, as to the relation between the severed per- 
sonalities and the normal total consciousnesses, James justly 
points out that many instances have been noted, in which 
the secondary self is more highly developed than the primary 
one. It knows, for example, all that the ordinary self ever 
knew, and also much that the other had forgotten, or never 
known. Dr. Prince’s case is a typical example of this. 
Here, the third personality not only knew all about her own 
life and that of the secondary personality, but also could 
recall (a) all that the normal personality could remember, 
and further (6) many things that the primary personality 
had known but forgotten, and (c) acts which the normal 
self had performed automatically, or absent-mindedly, and 
which had only reached normal consciousness partially, if — 
at all ;' (d) finally, the third personality recalled: events which 
had occurred in the delirium of fever, things of which the , 
primary self was absolutely ignorant, and indeed had never 
known. 

None of the theories we’ have been examining can be 
considered satisfactory. No revival of powers supposed to 
be possessed by lower animal forms can possibly explain 
the entire range of hypnotic phenomena; neither, again, 
can they be accounted for by an interrupted connection 
between the nerve cells, nor by that elastic term hysteria. 
Gurney’s theory that the secondary consciousness calculates 
and watches the time, just as the primary one might do, is 
satisfactory for those instances in which it has been proved ‘ 
that this has occurred. It fails, however, when we attempt 
to apply it to those in which the facts were absent, and in 
which the feats in calculation and time appreciation were 
beyond the powers of the secondary self. 

As the secondary self is often intellectually superior to 
the primary one, though we don’t know why, we might be 
inclined to admit, although equally without reason for it, 
that the third self transcends the second.one. As all the 
selves inhabit one body, and as the secondary and tertiary 
ones have presumably access to all the information which 
reaches the primary, are we to suppose that they ‘have 
proved the apter scholars? It seems more than fanciful 
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to imagine that while the schoolboy’s ordinary self was 
‘learning his lessons, a’ second boy was peering over his 
shoulder, as it were, and doing the work still better. What 
must we say, however, to the idea of a third boy learning 
along with Nos. 1 and 2, and surpassing both of them? 

The examples, of time appreciation, we have been con- 
sidering, present problems still more difficult. , As we have 
seen, there is a marked difference between knowing a par- 
ticular day on its arrival, and recognising which is the ter- 
minal one amongst a long series of minutes. For example, 
suppose that a suggestion to be fulfilled in 20,840 minutes 
fell due at 3.15 on a certain afternoon, and that from 

"12.20 p.m. of the same day the subject of it remained in a 
room, where she was deprived of all ordinary means of 
determining the passage of time. Granting that the sub- 
. ject’s third personality had calculated 3.15 as the terminal 
time, that she had noted the time on entering the room and 
calculated that 3 hours and 55 minutes had to expire before 
the suggestion was due, and even admitting that she was 
able to impart this information to her primary consciousness, 
and to enlist its aid in her attempt to hit upon the exact 
moment, viz., 3.15, the question ‘still remains, how was this 
done ? 

According to William James, our usual time apprecia- 
tions—minutes, hours and days—have to be conceived sym- 
bolically and constructed by successive mental additions. 
To realise an hour, we must count “now!” “now!” 
“now!” indefinitely. Each “now” is the feeling of a 
separate bit of time, and the exact sum of the bits never 
makes a very clear impression on our minds. We have no 
sense for empty time and have to subdivide the time by 
noticing the sensations; after we have received a certain 
number, our impression of the amount told off becomes 
quite vague, and our only way of knowing it accurately is by 
counting, noticing the clock, or some other symbolical con- 
ception.: Our estimation of the length of time varies from 
many causes. A time full of interesting experiences seems 
short in passing, but long when looked back upon; time 
empty of incident is long in passing, but seems short in 
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ze retrospect. Time ARoS ‘quickly when we are so occupied | 
with what is happening as not. to"notice the time itself. 
When we do nothing and feel little we grow more and more 
attentive to the passage of time. The length of a watched 
minute seems incredible, because the attention is devoted to 
the feeling of the time itself, such attention being a of 
extremely fine subdivision. 

In conclusion James says, “We are constantly conscious 
of a certain duration—the spacious present—varying in 
length from a few seconds to probably not more than a 
minute, and that this duration (with its content perceived 
as having one part earlier and the other later) is the original 
intuition of time. Longer times are conceived by adding, 
shorter ones by dividing, portions of the vaguely bounded 
unit, and are habitually thought by us symbolically. Kant’s 
notion of intuition of objective time as an infinite necessary 
continuum has nothing to support it. The cause of the 
intuition, which we really have, cannot be the duration of 
our brain processes or our mental changes. That duration 
is rather the object of the intuition which, being realised at 
every moment of such duration, must be due to a per- 
manently present cause. This cause—probably the simul- 
taneous presence of brain processes of different phase— 
fluctuates ; and, hence, a certain range of variation in the 
amount of the intuition and its subdivisibility accrues.” 

Further, “ the direct intuition of time is limited to inter- 
vals of considerably less than a minute. Beyond its borders 

, extends the immense region of conceived time, past and 

future, into one direction or another of which we mentally 

project all the events which we think of as real, and form a 

systematic order of them by giving to each a date.” | 

If we accept James’ explanation as to the methods by 
which time appreciations are carried out—and I know of no 

other more plausible—the time appreciations of Miss A. 

seem still more remarkable and inexplicable. : 

While I have endeavoured to show that the theories as 
to the origin of secondary and multiple personalities—both — 
as to the states themselves and their phenomena—are en- 
tirely inadequate, 1 have no theory of my own to bring 
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forward in substitution for these. The fresh facts I have 
cited, although interesting, only add to the complexity of 
the problems we have to solve. As William James truly 
says, these manifestations of the “hidden self” are im- 
mensely complex and fluctuating things, which, we have 
hardly begun to understand and concerning which sweeping 
generalisation is sure to be premature. Meanwhile, he adds, 
a comparative study of subconscious states is of the most 
urgent importance for the comprehension of our nature. 
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(From the Claybury Pathological Laboratory.) 


Tus paper deals with three cases of partial atrophy of 
one cerebral hemisphere. The lesions are different in each 
` case, both in regard to their situation and nature; but they 
readily group themselves into two classes, and this may be ` 
said of the numerous other cases of porencephaly, &c., 
which have been previously described. These groups are :— 

(1) Cortical.—In which the lesion is confined to the 
cortex or underlying white matter. (Two of the cases to be 
described are of this nature.) 

(2) Basal.—In which the original kaon is situated in 
‚the structures at the base of the brain, as occurred in the 
remaining case. 

With these two varieties are associated secondary changes 
in other portions of the cerebro-spinal axis, and we believe 
that different changes occur when the lesion is confined to 
the cortex, and when the basal ganglia are also affected. It 
is proposed to first give an account of the examination 
of each case, and then to endeavour to point out these 
differences. 
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i ` Case 1. 


Pri “mary lesion of left basal ganglia (probably optic thalamus) 
occurring at a very early age, and probably due to occlusion of a 
basal perforating artery. Atrophy of left cerebral hemisphere, 
including basal.ganglia, of left crus, left pyramid and fillet in pons 
and medulla. ‘Atrophy of right half of cerebellum with tts superior 
peduncle. Sclerosis of left direct and right crossed pyramidal 
tracts in cord. Atrophy of left antero-lateral column. Diminution 
in number of anterior horn cells in cervical and lumbar regions, 
affecting the lateral and postero-external groups. Clinically— 
epileptiform fits from infancy. Right hemiplegia with increased 
reflexes. Progressive dementia. Death at the age of 30 years. 


Clinical History. 

J. E., male, died in Claybury Asylum at 30 years of age of 
acute phthisis. Since infancy he had been subject to fits, and 
mentally was rather dull and stupid. At the age of 26 he became 
subject to attacks of maniacal excitement, so that he had to be 
sent to the asylum. He was then found to have right hemiplegia 
with increased reflexes (considered 'to.have dated from infancy). 
‚He had frequent fits of an epileptiform type whilst under observa- 
; tion, and gradually became more and more demented until his 
denta, 


Post-mortem Examination. 


D, The bones of the right hand, arm and leg are obviously 
> smaller than the left, and the muscles are much atrophied. 

The Skull shows no change externally, but on examining it 
from the inside the whole of the left half is found to be very much 
thicker ; this is most marked in the frontal and parietal regions. 
_, Thus the thickness of the bone over the left frontal lobe is 20mm., 
‘as compared with 11mm. of the opposite side. Over the left 

parietal and central regions it is 12mm. as compared with 
but 5mm. of the opposite side. The base of the skull in 
the anterior and middle fosse is also thicker on the left side. 
In the occipital region there is comparatively little difference 
between the two sides, and this is in correspondence with the fact 
‘that in this region there-is but little atrophy of the brain sub- 
stance. This overgrowth of bone is undoubtedly secondary io, 
and corresponds with, the atrophy undergone by the brain. 

The Membranes.—Beyond some slight thickening of the pid 
over the wasted hemisphere, these show no change of note. 
There is a considerable quantity of cerebro-spinal fluid present at 


HEMIATROPHY OF THE BRAIN’ ©": 24.1. 


‘the base of the brain, but no abnormality of any of the vessels 
could be discovered. 

Brain.—There is a notable difference. between the size of the 
two hemispheres. The weight of the left is but 155 grams, ‘whilst 
that of the right is 575 grams. This latter weight ‘may be taken 
as normal, and as no microscopical change could be’discovered on 
examining the right hemisphere, it may be dismissed from further 
consideration. On a further examination of the left hemisphere, 
it is found that the diminution in weight is due to a marked 
atrophy of the white and gray matters, the ventricle being hugely 
dilated in all its parts. The basal ganglia, and especially the 
optic thalamus, are also quite insignificant as compared with the 
opposite side. It is noticed that as well as the convolutions being 
so extremely wasted, they are simpler in nature than on the opposite 
side. All parts of the hemisphere are not equally affected, how- 
ever; the greatest amount of atrophy exists in the central and 
parietal regions, next in the frontal, and least of all in the 
occipital: This fact is shown not only by the appearance,’ but 
also by a comparison of the weights of the different regions. 
There is.no difference in size between the optic tracts nor 
the olfactory lobes of the two sides. The corpus callosum is 
much thinner than normal. 

Portions of the cortex were removed from the frontal, central, 


and occipital regions, and after staining by different methods: ‘-. 


were examined microscopically with the following results :— 

Frontal and central regions.—It is here that the greatest 
change is found. The outermost layer of cells and the layer of 
small pyramids are fairly normal; the large pyramids, however, 
are very deficient, indeed, they are practically absent, and the cells 
below these are also much diminished in number. With regard 
to fibres, there is an almost completé absence of those of the pro- 
jection system, and there are also very few of either the super- 
ficial tangential fibres or of those composing the line of Baillarger. 
The medullary centre consists chiefly of bundles of the longer 
association fibres, and generally it is found that this system is 
least of all affected, the tangential system to a slightly greater 
extent, and the projection fibres most of all. The great diminu- 
tion of the large pyramids and their axons is evidently a secondary 
change resulting from the basal lesion, the fibres being probably 
originally affected in the internal capsule. It is thus of the 
nature of a Gudden atrophy. As will be presently seen in the 
examination of the cord, the distal portion of the efferent tract is 
also greatly affected (fig. 2). 
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Oceipital region. The; cortex of this- region’ ' has ‘undergone 
very little:change, the difference between this and other parts 
` being very striking. All the layet's. of cells can be made out, and’ 
.. the-tangential fibres and line of Gennari are well seen. It-may ` 
. be here stated that the patient had no affection of sight, and that 
the posterior portion of the thalamus and the optic commissure 
and tracts appeared normal (fig. 1). 


The Basal ganglia are much smaller than on the opposite sida; ee 


. the greatest difference is in the anterior two-thirds of the thalamus,’ 
where the number of cells is much diminished. The internal 
capsule also contains very few medullated fibres. 

Pons.—There is marked atrophy of the pyramidal fibres and. i 
also of the middle fillet on the left side. : 

The Medulia is also markedly asymmetrical, chiefly due to the, 
small size of the pyramid and interolivary fillet of the left as . 
> compared with the opposite side. In the lower portion of the 
medulla there is also a slight sclerosis dorso-lateral to the left 
olive (in the region occupied by the antero-lateral column). There 
seems also to be some slight diminution of = left external and 
‘right internal arcuate fibres. 

No differences can be made out between the posterior oa 
nuclei of the two sides, nor between the restiform bodies, the 


. olives, nor the posterior longitudinal bundles, all these appearing i‘? 


- to be quite normal. 
Owing to the method which had been used for hardening the 


, tissue, an examination of Deiter’s nucleus by means of Nissl’s 


method could not be made; but we could not discover any 
` appreciable change between the two sides in carmine-stained 
sections. The changes in the pyramid and fillet do not appear to 
be of the kind one finds in secondary degeneration with resulting 
sclerosis; they consist of an actual diminution in the number of 
fibres, with slight interstitial overgrowth, the fillet being but half 
the size of the opposite one. The microscopical appearances are 
more like those found in the arrested development of a tract than 
due-to degeneration occurring in a tract already fully formed. It 


ù . has-been seen that the lesion probably occurred before the 


, myelination of the efferent system, and it is easy to see how a 
` “lesion, at the base of the brain would involve these motor fibres. 

: , The reason why the fillet should be so much atrophied is ‘not 
at first sight so apparent. It may be thought to be due to an 
atrophy of.fibres having an ascending direction; there is, however, 
no change in the posterior column nuclei. It has been seen that 
in the lower part of the medulla there is slight sclerosis in that 
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portion occupied by ER tract, and it will he Ahle presently 
. that there is very extensive atrophy i in the antero-lateral column 
of the cord on the same side. Although-some ‘fibres from Gowers’ 
tract’ undoubtedly ascend through’,the region of the. fillet, these 
fibres are comparatively few in’ number, and would, not account 
. fora reduction of the fillet to half its normal size. Indeed, as 
. will be presently seen, it is likely that the atrophy of the antöro- 
lateral column of the cord is not due to Gowers’ tract at all: 

The more probable explanation of the wasting of the fillet is 
that it is the result of atrophy of descending fibres, probably ` 
having their origin in the thalamic region. There is strong’ evi- - 
dence that there are descending fibres passing through the middle 
filles of the pons and the interolivary fillet of the medulla. It 
will, perhaps, be better to return to this subject after the condi-- 
tion of the cord has been described. 

_ .' Cerebellum.—Weight of left half 70 grams, of right half 
‚ 55 grams. Atrophy is found in the right half only ‘(the side 


' . opposite the cerebral lesion), and on this side it is confined to 


the following situations:—(1) The lobus culminis, which is 
affected throughout its entire extent; (2) the biventral lobule, 
the posterior half only of which is atrophied. The dentate - 
`; -nucleus is also much smaller, and contains fewer cells, although 
what are present appear to be normal. The superior peduncle 
‚on this side is also only a quarter the thickness of the opposite 
‘one. There is no changé in the vermis nor “ar other ‚part of 
the cerebellum. | 

With regard to the particular structures affected by this . 
atrophy, there are a few points of great interest:—(1) In the , 
atrophied -region there’ is an entire absence of the cells of 
Purkinje ; (2) it can be readily made out (owing to the selective - 
nature of the changes) that the granule A is ran into two 
strata of cells. 

- Immediately beneath the layer of Purkinje’ s cells mee: is a 
-layer of round cells, two or three deep, which are distinctly larger 
than those making up the bulk of the granules. This outer 


~.. layer: persists unchanged in the atrophic lobules. Normally, the 


deeper granules, which may be called the granules proper, are 


‚.... much more numerous and are smaller than these cells; indeed, 
".. they are so numerous that it is difficult to distinguish the outer 


` layer in the normal cerebellum as it is overlaid by the granules. 


` - In-this case, however, the true granules are profoundly diminished, 


in some places almost absent, and thus the more superficial 
` layer (remaining unaffected) comes readily into view. The 


s . Pr 7) 
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molecular zone, is also thinner in the affected region, and contains 
~ fewer’ cells. It.would further appear that whilst the atrophy 
especially affects these two cell groups (Purkinje’s and the true 
` granules) Purkinje’s are the first to suffer, as several of the 
` leaflets show an intermediate stage, in which but two or three of 
these cells are present, whilst the number of granules is still 
` considerable (figs. 3, 4, 5). 

` With regard to the fibresit is at once seen that there is a great 
diminution. This diminution is almost entirely confined to the 
large fibres of the medullary rays, which are presumably con- 
nected with Purkinje’s cells. In the absence of these fibres it is 
seen that the medullary substance and the region of the granules 
are occupied by a network of fine interlacing fibres, which would 
seem to belong to an association system. Further, bundles of 
fibres can seen passing in the medullary centre between adjacent 
folia, and fibres having a tangential course can be seen in the 
deeper parts of the molecular layer, and in the region occupied. 
by these large granules. In view of these facts the inference is 
that this layer of large granules, which are the only cells 
remaining unchanged, are those which are chiefly in relation with 
. an inter-cerebellar association system (figs. 6, 7). 

Golgi drew. attention to cells of-a large kind lying in the 
zone of granules, and he described them as having protoplasmic 
processes ending in this and in the molecular zone, and with an 
axis-cylinder process penetrating into the granule layer and 
there forming an inextricable network. Cajal (quoted by van 
Gehuchten) and van Gehuchten himself (6), also consider these 
cells and their processes as an association system. 

The cerebellar atrophy in this case is owing to the connection 
-of the cerebellum with the opposite basal ganglia by means of 

. fibres passing through the superior peduncle. This connection is 
„now well established by numerous observations, and probably 
takes place by the conjunction of several neuronie systems. 
There are two views as to the direction of these fibres; some 
authorities agreeing with Mabaim (12) that they have their 
origin in the red nucleus, and are thus cerebello-petal; whilst 
Cajal (4) and others think that they arise from cells situated in 
the cerebellum, and are thus cerebello-fugal. The bulk of the 
evidence seems to show that whilst fibres may pass through the 
superior peduncle in both directions, the majority have their 
origin in cells situated in the cerebellum, as after cerebral lesions 
‘the change observed in the superior peduncle is rather one of 
atrophy than of secondary degeneration. It is unfortunate that 





6 


Fıc. 


i 


PR} 


i 


g t 
t toe $ 


HEMIATROPHY OF THE BRAIN 245 


“in this case the brain had been so cut that the red nucleus could 


not be examined. _ Opinions are also very much divided as to the _ 


actual origin. of such cells within the cerebellum. Held (8) thinks ` 


that the larger number of such arise from the dentate nucleus. 
Menzel and Dejerine agree with him, finding that a lesion which 
involves the cortex and adjacent white matter only, does not lead’ 
to any marked change in the superior peduncle or red nucleus. 
On the other hand Marchi (18), Mingazzini (13) and Cajal (4) 
state that there is considerable degeneration in the fibres of the 
superior peduncle after extirpation of the cerebellar cortex ; 
indeed, Cajal has shown (in the mouse) that the axones of 
Purkinje’s cells go directly into the superior peduncle, and von 
Monakow (15) has recorded a case of atrophy of the right. 
cerebrum and left cerebellum and its superior peduncle, with no 
change in the dentate nucleus. 

The very considerable atrophy of the dentate nucleus in this 
case shows that fibres certainly pass between it and the opposite 
basal ganglia. The atrophy of the cerebellar cortex may be 
secondary to that of the dentate nucleus, or may be due to the 
involvement of other fibres passing directly to the basal ganglia 


without the intervention of the dentate nucleus. 


Spinal cord.—This is obviously asymmetrical, the left half of 


. the cord being’ much smaller than the right. The difference 


between the two sides gradually diminishes from above down- 
wards. It is exceedingly well marked in all parts of the cervical 
region, and slightly less so in the dorsal; it can, however, be 
definitely made out even as far as the fourth lumbar segment. 


: . Below that level there is practically no difference between the two 


halves. There are two factors which bring about this asymmetry :' 


_(1) In the left and smaller half of the cord there is a well-marked 


atrophy at the periphery of the cord in the situation of the antero- 
lateral tract.’ The area of the crossed pyradimal tract on this side 
also appears to be smaller than usual, and certainly smaller than 
the corresponding area of the opposite side. (2) The anterior 
column on the right side is much larger than normal. In the 
photographs this is very apparent, it being readily seen that 
the anterior column to the right of the median fissure is 
almost double the size of that to the left in the cervical and 
dorsal regions. This inequality appears to be chiefly due, how- 
ever, fo an excessive size of the right, the left being only slightly 
less than normal. This fact, taken in conjunction with the 
smaller size of the left crossed pyramid, indicates that there has 
been an unequal crossing of the pyramidal tracts. That is to 
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‘say, that as a result of the lesion at the base of the brain inter- 
fering with the efferent fibres of one side, there is interstitial 
_ sclerosis of the right crossed and left direct pyramidal tract. And 
‘that of the healthy efferent tract coming from the right cerebral 
hemisphere a great many fibres do not undergo decussation in the 
medulla, but are continued down the cord on the same side, partly 
in the lateral column, but mainly in the anterior column, where 
they form an unusually large direct tract. There ds also slight 
sclerosis of a portion of the crossed pyramidal tract on the same 
side as the cerebral lesion. This is well seen in the photographs 
‘and is undoubtedly due to the involvement of homolateral fibres. 
It has been said that there is considerable atrophy of the left 
. antero-lateral column. This is most marked at the periphery, 
and causes a very evident indentation of the cord as low down as 
the first lumbar segment. It is in the situation of the descending 
cerebellar path, but we do not think it is due to involvement of 
that path, because the homolateral cerebellar hemisphere and the 
vermis are perfectly normal, nor could any change be made out in 
Deiter’s nuclei. The condition of the cerebellum also negatives 
` the idea that the atrophy may represent the ascending tract of 
Gowers, as most of these fibres go to the vermis (17). The view 
we take, and which seems to best fit in with the case, is that this 
atrophy is in a descending path. -having its origin ‘in the thalamic 
region. It is probable that in the medulla these fibres pass down- 
wards through the fillet, and it has been seen there is marked 
diminution in the number of fibres in this region. 

Hoche (10) has recently described two cases in which he 
found the fillet fibres degenerated in a descending direction,’ 
such fibres going to the cranial nerve nuclei, and he further states 
that such descending fibres may readily be distinguished in the . 
new-born child on account of their late myelination. Flechsig 

‚and von Bechterew have also shown that a certain number of 
fibres in the region of the fillet become medullated at a much 
later date than do the bulk of the fillet fibres. In this connection 

- it is of great interest to note that a descending (probably) tract 
has been seen passing between the lower part of the medulla and 
the upper dorsal cord by several observers. Its situation in the 
cord is in the most peripheral part of the antero-lateral column. 
Meyer (16) described degeneration in such a bundle in a case of 
pontine hemorrhage. Helweg (9) described it under the name of 
« Dreikantenbahn,” and von Bechterew has also deseribed a tract 
which seems to be identical in position. Von Bechterew (2) calls 
it the “ Olivenstrang.’”” He seems ta think that it is an ascend- 
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ing tract siuh EA iis the olivary nucleus, as he has not been 
able to trace it above that point‘; he-admits though that there is 
no proof that. its fibres end there. Barker (1), who gives a. very 
good account of this tract, has himself observed it. He is inclined 
to look upon it as a ‘descending tract, and to consider that the fact 
that it may be degenerated whilst the olive is quite normal is 
against the view that it arises in that nucleus. He suggests: that 
the fibres mgy come from higher parts of the nervous system, - 
possibly being so scattered above the level of the olive that they 

are not readily distinguished. 





Fie. 15, 


Spinal Cord.—Section at level of first cervical segment from a, case of 
thrombosis of the left middle cerebral artery. Marchi stain. In addition to 
the degeneration in the direct and crossed pyramidal tracts, there is also 
degeneration in the antero-lateral column at the periphery of the cord on the 
same side as the cerebral lesion, also scattered degeneration (homolateral 
fibres) in the lateral pyramidal tract of the same side. 


In this place we wish to refer to another case which we have 
recently examined. 

Patient was affected rather suddenly with right hemiplegia. 
He was admitted into hospital, but died within three weeks of the 
onset of the first symptoms. ee 

‚At ‘the autopsy the left middle cerebral ar tery was found 
thrombosed at its commencement, No change was discovered in 
any of the other vessels. The greater part of the spinal cord was 
used for a chemical estimation, but the upper cervical region was 
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put into Marchi’s fluid‘ and examined microscopically. In’ 
addition to the ordinary degeneration in the corresponding direct 
and crossed pyramidal tracts, these sections show well-marked 


‚recent degeneration of a bundle of fibres at’ the periphery of the 


cord in the antero-lateral column of the same side as the cerebral 
lesion ; there is also degeneration of a few fibres passing dorsal- 
wards from this towards the lateral pyramidal tract, but in this 
case the degenerated fibres are a little distance from fhe periphery 
of the cord. There is also scattered degeneration throughout the 
lateral column of the same side, doubtless due to homolateral 
fibres. The extent and position of the degenerated fibres are 
well shown in fig. 15, which is a drawing made by the Edinger 
apparatus, the finer details being filled in under the microscope. 
In this case the degeneration in the antero-lateral column is 
identical in position with the change in Case 1. No other lesion 
than that of the middle cerebral artery could be discovered, it 
therefore seems fair to consider that the degenerated fibres in the 
antero-lateral column have their origin from cells within the area 


. of distribution of this vessel. So that hitherto, although several 


observers have noticed the existence of such a tract in the antero- 
lateral column of the cord in the cervical region, its upward 
continuation above the olive and downward continuation below 
the cervical portion of the cord have not been shown. 

We are inclined to think that the atrophy of the antero-lateral 


-column in this case is due to the involvement of this tract; that its- 


probable origin is in the optic thalamus; that it passes through 
the middle fillet in the pons and the interolivary lemniscus in the 
medulla to reach the peripheral part of the antero-lateral column 


“of the cord, in which it descends as far as the lumbar region. 


It has been conjectured that a descending thalamo-spinal path 
exists in man, although no direct proof has, so far been afforded. 
It is well known, however, that in several of the lower animals 
with but little cortico-spinal connection there is a very well 
developed thalamo-spinal tract. We know that in man a very 
large number of the sensory fibres end in this region. Most of 
the ascending fibres of the fillet (coming by means of the posterior 
column nuclei from the columns of Goll and Burdach) end in the 
thalamus; the fillet also receives fibres trom ‘the antero-lateral 
ascending tract. Thus the thalamus is a large receiving station 
on the afferent tract, and by means of these'efferent fibres just 


"described, it becomes a large and important ganglionic station 


midway between the lower spinal reflexes and the higher cortical 
volitional centres, and probably functionating in those multi- 
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tudinous semi-automatic movements which do not rise into con- 
sciousness. 

Further support of this view of the importance of the thalamic 
region as a ganglionic station is afforded by the well known case 
of Goltz’s dog. In this animal both cerebral hemispheres were 
removed, but the co-ordination of the most complicated automatice 
movements remained. 

It may herg be mentioned that we have examined the cells of 
the optic thalamus of a new bern child by means of Nissl’s method, 
and we find that whilst there are several distinct varieties a large 
number of them are evidently motor. Such cells are intermediate 
in size, shape, and period of development, between the motor 
cells of the anterior horns and the large pyramidal cells of the 
motor cortex. 

So far no efferent tract passing directly between the cere- 
bellum and the spinal cord has been satisfactorily demonstrated, 
and the researches of Ferrier and Turner (5) and Risien Russell 
(21) do not support Marchi’s views as to the existence of such 
direct connection. There is certainly no evidence in this case to 
support the view of any such connection, unless the atrophy of 
the opposite antero-lateral colamn of the cord can be considered 
to be due to cerebellar fibres. 

‘In view of these findings we suggest the possibility of cere- 
bellar fibres to the cord passing by way of the basal ganglia 
(possibly the optic thalamus). 

Ganglion cells.—In the cervical and upper dorsal regions it is 
evident to the naked eye that the right anterior horn has a 
shrunken appearance and is smaller than the left. On examining 
Nissl-stained sections, important changes in the ganglion cells are 
found. Above the fifth cerv:cal segment there is practically no 
difference between the two sides; but at this level there are 
undoubtedly fewer cells present on the right side, and the diminu- 
tion is almost entirely confined to the cells in the lateral and 
postero-external groups. At the eighth cervical and first dorsal 
segments there are identica: changes affecting the same cell 
groups. The mesial anterior group of cells appears to be quite 
normal and equal on the two sides. In the upper part of the 
second dorsal segment similar changes are found in the right 
lateral group; but at this level there is unquestionably a diminu- 
tion in the cells of the mesial-anterior group of the left side. A 
series of Nissl-stained sections were examined to.ascertain the 
condition of the cells, it beng quite impossible to make any 
reliable observations upon diminution of cells from the examina- 
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tion of only a few sections. To give an idea of the extent of the 
change we may say that in’sections through the eighth cervical 
and first dorsal segments the number of. cells\in the right lateral 
and posterior groups was but half those in.the same groups of the 
opposite side. In the dorsal region sections were examined 
from the fifth, ninth, tenth and twelfth segments. At none of 
these levels are there any differences between, the anterior horn 
cells of the two sides. 

The limitation of the changes to these a is in accord 
with the observations of Ferrier and Yeo, Risien Russell, 
Allen Starr and others, who find that the muscles of the arm, 
forearm, and hand are enervated from the fifth cervical to the 
first dorsal segments inclusive. This case also shows that it is 
chiefly the lateral and postero-external groups of cells in these 
regions from which the nerves are derived, and is in accord on 
this point with our findings in cases of amyotrophic lateral 
sclerosis in which the same cell groups are those chiefly affected. 
In this respect the view of von Lenhossék (11) is worthy of note. 
He considers that the mesial-anterior group of cells are not motor 
but commissural in function, sending their axones through the 
anterior commissure to the opposite side of the cord.. It is 
believed by Kaiser and others, however, that this group of cells 
supplies the muscles of the back, but from this case they 
certainly appear-to have but slight connection with the cortex. 

In the tenth and twelfth dorsal segments there is a slight 
diminution in the number of cells composing the right Clarke’s 
column, and a similar change is also seen at the level of the first ' 
lumbar segment. In the lumbar and sacral regions there is again 
marked diminution in the motor cells of the right anterior horns, 
and here, too, the changes are chiefly confined to the lateral and 
posterior groups of cells, the mesial-anterior group showing no 
change. The changes here described are also seen very well in 
‘carmine-stained sections; they consist in an actual diminution of 
ganglion cells in certain groups, and although in the affected 
group some of the remaining cells are atrophied, the change is 
principally a quantitative and not a qualitative one. 

Von Monakow (15) believes that the fibres of the pyramidal 
‘tract are not in immediate contact with the lower motor neurones, 
but that there is another neuronic system interposed. Schafer 
(22) holds the same opinion. He finds that after lesion of this 
tract no degenerated fibres can be traced directly into the 
anterior horns, or into any part of the gray matter other than 
the base of the posterior horn and Clarke’s column. 
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Left Right 


Pie. 16. 


. Spinal Cord.—Three drawings, by means of the Edinger apparatus, of 

. Niss}-stained sections from case 1, showing the diminution in the number of 

cells in the cervical and lumbar regions, almost entirely confined to the lateral 
and postero-external groups. 
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It may be that another neurone is interposed between the 
pyramidal tract and the anterior horn cells; but if does not 
appear from this case that such junction is by means of Clarke’s 
column, and Rothman (20) denies that the fibres of the pyramidal 
tract terminate in that column. 

In sections through the cervical and lumbar enlargements 
stained by the Weigert-Pal method, there is seen to be not only 
a diminution in cells in the anterior horns, but also a far less 
plentiful network of fibres than in the normal cord, especially is 
this so in the centre of the horn. This rather suggests that the 
fibres of the pyramidal tyact may here break up into a fine 
arborisation, and so come into immediate connection with the 
motor cells. 


Case 2. 


Atrophy of left hemisphere, involving the cortex only around 
the central convolutions. Basal ganglia not affected. Atrophy of 
corresponding efferent tract in pons, medulla and cord. No change 
in fillet or cerebellum. Well marked tangential, super, and inter- 
radial fibres. Numerical diminution of anterior horn cells in 
cervical and lumbar regions. Clinically—right hemiplegia from 
birth with (?) epileptic fits. Exaggerated knee-jerks. No dementia. 
Death at the age of 33 years. 


Clinical History. 


J. H. has had right hemiplegia from a very early age (pro- 
bably from birth). He has also been subject to fits (? epileptic) 
since he was a fortnight old, but he was apparently able to 
partially earn his living until 28 years of age. At this age, owing 
to, the severity and frequency of his fits, and his impulsive, 
violent, and unreliable mental condition, he had to be sent to an 
asylum. Whilst here he had frequent fits, but was able to do a 
fair amount of useful work in between them. At the time of his 
death (aged 33 years) he showed comparatively little mental 
degradation. We saw him a short time before his death, and his 
condition was then as follows:—There was paresis of the right 
hand and arm, the finer movements of the fingers being especially 
affected (opposition, abduction and adduction). This hand was 
blue and cold, and the muscles of the thenar and hypothenar 
eminences and the interossei were decidedly less developed than 
on the opposite side. Occasional athetoid movements were 
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observed to take place in this hand. There was also paresis of 
the right foot, the finer movements here being most affected, and 
the museles of the right calf were much less developed than those 
of the left. There was no paralysis of any muscles supplied by 
cranial nerves. The knee-jerks were exaggerated but equal on 
the two sides. No ankle clonus. Plantar, cremaster and ab- 
dominal reflexes were normal. The pupils were equal and 
reacted to light and accommodation. Cutaneous sensation ap- 
peared to be normal all over the body. 


Post-mortem Examination. 


The right hand and arm and the right leg are shorter and 
smaller than those of the left side. 

The Skull is asymmetrical as seen from the outside, the left 
parietal eminence being decidedly less prominent than the right, 
and the skull being somewhat flattened in this region. There is, 
however, no difference in the thickness of the bone on the two 
sides, neither of the vertex nor the base. 

Membranes.—The dura mater is normal. The pid-arachnoid 
is opaque and thickened and of greatly increased vascularity over 
a considerable area on the external surface of the left hemisphere. 
This area comprises the following convolutions : The whole of the 
ascending frontal and ascending parietal, and the posterior portion 
of the superior frontal, the convolutions above and in front of the 
inter-parietal sulcus as far back as the parieto-occipital fissure. 
It is thus somewhat wedge-shaped in appearance, with the base 
of the wedge at the great longitudinal fissure and the apex at the 
anterior part of the sylvian fissure. Over this area the pid is 
closely adherent and cannot be removed without causing decorti- 
cation. In the other parts of the brain it is perfectly natural in 
appearance. 

‚Brain.—The left hemisphere weighs 105 grams less than the 
right. It is shorter and smaller as a whole, but there are no cyst- 
like depressions and no dilatation of the ventricles. The main 
sulci are somewhat distorted in their arrangement and position, 
but with a little difficulty they can all be traced. The right hemi- 
sphere is perfectly normal in every way. The basal ganglia are 
unaffected and equal on the two sides. There is no change in the 
corpus callosum, in the olfactory bulbs, nor in the optic commis- 
sure or tracts. Portions of the cortex from several regions of the 
brain were examined microscopically. All those situated outside 
the area above described were quite normal. Within this area 
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sections have the following appearance :—At frequent intervals 
there are foci in which the nerve-cells are considerably diminished 
in number and much jumbled up in arrangement. In these 
situations there are no definite Meynert’s columns or even 
readily distinguishable layers. There is also a considerable 
increase of neuroglia cells and of leucocytes, and the vessels are 
much distended. „The portions intervening between these areas 
approach much more nearly to the normal, but even in these 
there is a deficiency of large nerve-cells. Throughout the whole 
of the motor region affected there are comparatively few of the 
larger pyramids and of Betz’s cells. The fibres of the projection 
system are also much diminished, but the tangential and inter- 
radial fibres are present in abundance (figs. 13, 14). A section 
from an exactly corresponding region of the opposite healthy 
hemisphere shows large numbers of Betz’s cells, in fact, they are 
present to almost greater extent than we have ever observed 
before, thereby suggesting that a compensatory increase has 
taken place. 

In the Crura the left pes is very much smaller than the right ; 
but the red nucleus is unaffected. 

In the Pons the left half is much Fan than the right, 
and there is great diminution in the longitudinal efferent fibres. 
There is no change in the fillet. 

The Medulla is also much smaller on the left side, owing to 
great diminution in the size of the pyramid. This contains fewer 
nerve fibres and there is some interstitial sclerosis. The olives, 
the interolivary fillet, and other portions of the medulla show no 
change. 

The Cerebellum is quite healthy, and the two -halves weigh 
exactly the same. 

The Spinal cord is asymmetrical, owing to a diminution in 
the number of fibres of the left direct and the right crossed 
pyramidal tracts. In these tracts there is slight interstitial 
sclerosis, but the fibres in the sclerosed tracts do not appear to be 
smaller than those on the healthy side. The change in the direct 

_ tract.ceases to be visible below the mid-dorsal region, whilst that 
in the crossed tract can be traced as far as the sacral region. 
‘There is no change in the antero-lateral columns, the posterior 
columns, nor any other portion of the white matter. Marchi 
stained sections do not reveal any recent degeneration. In 
sections through the cervical and lumbar enlargements there is 
an alteration in the motor cells of the anterior horns similar 
to that found in case No. 1, although in this case such changes 
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are not quite so'pronounced. They consist in a diminution in the 
number of cells composing the lateral and postero-external groups 
on the right side, and in the same regions the network of fibres is 
also much less abundant. This diminution in the network is 
especially pronounced in the middle of the anterior horn, there 
seem to be as many fibres as usual towards the periphery of the 
horns. No change can be made out in the mesial-anterior group 
of cells. The cells of Clarke’s column are plentiful, equal on the n 
two sides, and appear perfectly normal. 


Case 3. 


Atrophy of convolutions of lower part of motor region on left 
side, and of corresponding efferent tract in pons, medulla and 
cord. No change in basal ganglia, fillet or cerebellum. Clinically 
— Right hemiplegia from birth. Epileptiform fits from 12 years 
old. Progressive dementia. Death at the age of 22 years after 
severe fits. 


Clinical History. 


A. W. was born paralysed on the right side. She had. epi- 
leptiform fits from 12 years of age, and then began to complain 
of headache. At the age of 15 mental symptoms made their 
appearance, and when 18 years of age she had to be sent to the 
asylum, being then described as dull, listless, and apathetic, with 
a weak mind and memory, and hesitating speech. She was never 
able to follow any regular employment. When admitted she had 
paresis, with wasting of the right arm and leg. Pupils were equal 
and reacted to light. Knee-jerks were absent. Speech indistinct. 
No paralysis or affection of the facial muscles. Whilst in the 
asylum she was subject to constant fits, these began on the 
paretic side and then became general. She gradually became 
more and more demented, and died at the age of 22, after a 
succession of severe fits. 


Post-mortem Haamination. 


The right arm and leg are shorter than the left, there being a 
difference of one and a half inches between the girth of the calves, 
two inches between the thighs, and one inch between the forearms 
of the two sides. 

The Skull is asymmetrical, the left side being smaller and 
thinner than the right. There is an opaque thickening of 
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the piä-arachnoid over the affected area of the ‘brain described 
below. i 

Brain.—Weight of left hemisphere 435 grams; weight of 
right hemisphere 585 grams. There is a small depression in the 
brain substance at the lower portion of the left motor region, filled 
with clear fluid and having the thickened pid stretched over it so 
as to form a kind of cyst. This depression is due to shrinkage of 
the lower two-thirds of the ascending frontal and ascending 
parietal, and the posterior portion of the third frontal convolu- 
tions. The left ventricle is greatly dilated. The right hemi- 
sphere and all other portions of the brain are normal. No 
difference exists between the basal ganglia on the two sides. 

In the Pons there is marked atrophy of the longitudinal 
bundles of the left side causing considerable asymmetry. No 
change can be made out in the fillet. 

The Medulla is also very asymmetrical, the pyramidal fibres on 
the left side being reduced to a very thin strand. No change can 
be found in any other region. The olives and the interolivary 
fillet appear quite normal and of equal dimensions on the two 
sides. 

The Cerebellum shows no change whatever. The two halves 
weigh exactly the same. , 

The Spinal cord.—Sections of the cord were examined at the 
levels of the second, fifth and sixth cervical, tenth, eleventh and 
twelfth dorsal, and first lumbar segments. In all these sections 
it is seen that the right half of the cord is smaller than the left. 
On careful examination it is quite apparent that this is simply 
due to diminution of the right crossed pyramidal tract. Under 
the microscope this area is found to contain fewer fibres and to be 
the seat of slight interstitial overgrowth of neuroglia. In the 
cervical region this slight sclerosis extends in the form of a tail- 
like process almost as far forwards as the origin of the motor 
roots. In the dorsal’and, lumbar regions it is confined to the 
usual triangular-shaped area of the pyramidal tract. In the 
region of the direct tract there is slight sclerosis and diminution 
of nerve fibres on the left side as far down as the fifth cervical 
segment. There is no microscopical change, nor any want of 
symmetry between the antero-lateral columns, nor the posterior 
columns, nor any other portion of the white matter of the cord. 

In this case, therefore, although the pathological process 
probably differs from case No. 2, the anatomical site of the lesion 
is very much the same, and the results on the medulla, cerebellum 
and spinal cord are practically identical in the two cases. 
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REMARKS. 


It is not proposed to discuss at any length the pathology 
of these cases. There are probably many causes which 
may bring about such conditions; but it is likely that 
vascular occlusion, arterial or venous, is responsible for a 
large number ; and if this takes place before the brain is 
fully developed it will naturally tend to cause an arrest of 
development of certain parts, in addition to the actual 
destruction of nervous tissue produced by the lesion. Case 
No. 1 may well have been caused by occlusion of a basal 
perforating artery. Case No. 3 by occlusion of a branch 
of the sylvian artery (the lesion closely corresponds in its 
position with the softenings which are frequently found 
when one of the superior branches of this vessel is blocked). 
In case No. 2 the affected area almost exactly maps out ‘the 
distribution of the great anastomotic vein which opens into 
the superior longitudinal sinus. The atrophy in this case 
was probably brought about by obstruction of this vein 
taking place during or shortly after birth; as a result, small 
necrotic foci occurred, followed later by sclerosis, with 
atrophy and distortion of the affected convolutions. 

There are thus various conditions and many forms in 
which partial atrophy of one cerebral hemisphere may occur; 
but the effects resulting therefrom seem to vary considerably 
with the region of the hemisphere which is affected. Ina 
large number of cases the lesion is confined to the cortex (as 
in cases 2 and 3), and in such there results a degeneration or 
arrest of development of the whole, or a portion, of one 
efferent tract; it is not usually complete, the pyramidal 
tracts in the medulla and cord still containing some healthy 
fibres. In such cases there is no change in the cerebellum, 
fillet, or the antero-lateral columns of the cord. 

Several recorded cases of porencephaly instance this, as 
also do cases of long standing hemiplegia. As long as the 
lesion is confined to the cortex and does not involve the 
basal ganglia, the secondary effects are limited to the 
efferent tracts. 

In those cases, however, in which the basal ganglia are 
involved, the effects are different; although in such the 
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efferent tract is usually affected also, its fibres being involved 
as they pass through the internal capsule. As a result of 
this there is atrophy of the white matter of the centrum 
ovale and of the larger cortical pyramidal cells, with dilata- 
tion of the lateral ventricle. 

In addition to these changes there is pronounced atrophy 
in the middle fillet of the pons and medulla, and in the 
antero-lateral region of the cord on the samt side as the 
lesion. There is also atrophy of the superior cerebellar 
peduncle, and the dentate nucleus, and cerebellar cortex of 
the opposite side. 

Many cases of porencephaly, cerebral hemiatrophy, &c., 
have been already reported in which the basal ganglia were 
affected, and in most of them this atrophy of the fillet has 
been noticed, although no special attention seems to hare 
been given to the point. 

Such cases have been recorded by Wiglesworth and 
Campbell (25), Gibson and Turner (7), Norman and Fraser 
(19), Mahaim (12), Bruce (3), Spiller (23), and many others. 
In Norman and Fraser’s case the interolivary layer on the 
affected side is said to differ little, if at all, from that on 
the healthy side; but a series of good photographs of the 
medulla, which accompany the paper, plainly show that it. 
is but little more than half the size of the opposite healthy 
one. 

Bruce attributed the change in the fillet in his case to 
atrophy of ascending fibres from the posterior column nuclei, 
and he states that he found a difference in the size of these 
nuclei on the two sides. This is the explanation which has 
generally been considered to account for the condition. One 
of us (F. W. M.) found atrophy of the posterior column 
nuclei after unilateral section of the fillet in the monkey (17). 
In our case, however, the absence of, or, at the most, slight 
change in the posterior column nuclei, and the atrophy of 
the antero-lateral column of the cord on the same side, 
make such an explanation not entirely satisfactory. 

In none of the reported cases is there any mention of 
this atrophy of the antero-lateral column, indeed, in most 
such cases the cord does not seem to have been examined. 
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The atrophy in our case is quite definitely marked, and in the 
case of thrombosis of the middle cerebral artery to which 
we have referred, there is recent degeneration occupying an 
exactly similar position. It is, therefore, very desirable 
that more particular attention should be given to this point 
in the future examination of such cases, in order to see if 
the condition is constant in thalamic lesions. 

The atrophy of the opposite cerebellar hemisphere in 
these cases is a well-known fact. It occurred in most of 
the above-mentioned cases; but we can find no record of 
the microscopical appearances of this change. 

The fact that there is no change in the cerebellum in 
those cases in which the lesion is confined to the cerebral 
cortex, shows that there is no direct connection between 
these parts. In such cortical cases of long standing there 
may be secondary atrophy of portions of the thalamus, but 
this does not appear to lead to the same changes in the 
cerebellum and fillet as when the lesion is primarily basal. 

Case 1 affords a very instructive example of secondary 
changes dependent upon an anatomical correlation of func- 
tion, a lesion of the basal ganglia resulting in changes in 
brain, cerebellum and spinal cord. 

Finally, it is very interesting to note that although in 
these cases the large moror cells of the cortex may be 
entirely absent, the tangential system of fibres is frequently 
but little affected. In case No. 2, in which there are practi- 
cally no large pyramids, there is an abundant network of 
both tangential and inter-radial fibres, and this in a man 
who for thirty-three years had been subject-to severe epileptic 
fits. A similar condition also exists in amyotrophic lateral 
sclerosis, and it may be said that it is only when symptoms 
of dementia become superadded that we are able to demon- 
strate atrophy of the tangential system of fibres. 


SUMMARY. 


It will be well to briefly summarise the chief points of 
interest in connection with these cases :— 
(1) In cases of cerebral hemiatrophy in which the lesion 
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is confined to the cortex there is sclerosis of the correspond- 
ing efferent tract throughout the pons, medulla and cord. 

(2) In such cases in which the lesion primarily occurs in 
the basal ganglia, there is atrophy of the opposite half of the 
cerebellum with its superior peduncle, also of the mesial 
fillet in the pons and the interolivary layer in the medulla 
on the same side, in addition to the sclerosis in the efferent 
tract. ° 

(8) Corresponding to the atrophy of the efferent tract, 
there is a numerical diminution in the anterior horn cells of 
the cervical and lumbar regions of the cord; such diminu- 
tion being chiefly marked in the cells of the lateral and , 
postero-external groups. In the same regions there is also 
a numerical diminution of the fibres composing the network 
within the anterior horns. 

(4) As our cases show the cells of Clarke’s column to 
be practically unchanged, the inference is that these cells 
do not form an inter-neuronic connection between the upper 
and lower efferent tracts. 

(5) If the cortical lesion occurs at an early period there 
is a compensatory increase in the number of large motor 
cells of the opposite hemisphere. 

(6) There may be pronounced atrophy of the fibres of 

` the efferent projection system, and yet the association fibres 
remain unaltered. Not only may this occur in the brain, 
but also in the cerebellum. 

(7) In the cerebellum there is a layer of granules lying 
immediately beneath the cells of Purkinje. These are 
distinct from the granules proper, they are somewhat larger, 
and are probably connected with an inter-cerebellar associa- 
tion system. 

(8) There are fibres passing between the dentate nucleus 
of the cerebellum and the opposite basal ganglia. 

(9) Two of the cases described in this paper point to the 
existence of a descending path having its origin in the thal- 
amic region, passing thence through the middle fillet of the 
pons and the interolivary layer of the medulla to the antero- 
lateral column of the cord on the same side, and descending 
in this column as far as the lumbar region. 
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_ DESCRIPTION OF THE PHOTOMICROGRAPHS. 


Fie. 1. 


Brain. —Section of the left occipital cortex stained by Weigert-Pal method. 
The occipital lobe is practically normal. The white and gray matter and 
the line of Gennari are well seen. 


Fig, 2. 


Brain.—Section from a, convolution in the left central region, stained by 

_ Weigert-Pal method. The outer layer of cells and the line of Baillarger are 

practically normal, There are, however, no large pyramids, and there is a 

great diminution of all the nerve-cells below this layer. There are very few 
large fibres of the projection system in the medullary centre, 


Fic. 3. 


Cerebellum.—Section across a leaflet of the normal portion, stained by 
carmine-Weigert method, showing the outer molecular layer, the layer of 
Purkinje’s cells, the inner layer of granules, and the medullary centre 
containing bundles of large fibres. 


Fra, 4. 


Cerebellum.—Section across a leaflet of the right lobus culminis, stained by 
Strobe’s method. This section shows an early stage of atrophy. The outer 
molecular layer is slightly thinner than normal. The majority of Purkinje’s 
cells have disappeared, but two or three may still be seen. ‘There is consider- 
able diminution in the number of cells forming the inner granule layer, and 
owing to this, a narrow unchanged zone of outer granules is well seen forming 
a layer in the situation of the cells of Purkinje. The large fibres are practi- 
cally absent from the medullary centre, 


Fie. 5. 


Cerebellum.—A leaflet from the same section as fig. 4, more highly magni- 
fied. This shows a still more advanced condition of the atrophy. There are 
no Purkinje’s cells and very few of the inner granules. The layer of outer 
granules is on this account particularly well seen. There is an almost com- 
plete absence of large fibres from the medullary centre. 


Fira. 6. 


Cerebellum.—A leaflet from the right lobus culminis, stained by the 
carmine-Weigert method. This section is of the same magnification as 
figs. 8 and 4, and shows the full extent of the atrophy. The difference 
between it and fig. 3 is very striking. The outer molecular layer is very 
much narrowed, Purkinje’s cells are entirely absent, and there are very few of 
the inner granules present. The layer of outer granules is particularly well 
seen. In the medullary centre there is an absence of large fibres, 


Fia. 7. 


Cerebellum.—A more highly magnified view of fig. 6. The small granules 
are seen to be very much diminished, and between this layer and the outer 
molecular layer are seen fine medullated fibres having a tangential course. 
There are no. large fibres in the medullary centre, but a network of fine 
medullated fibres is here plainly visible. 
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Fie. 8, 


Medulla.—Stained by Weigert-Pal’s method, showing the atrophy of the 
left pyramid and interolivary lemniscus. There is also diminution of the 


left external and right internal arcuate fibres. 


. Fre. 9. 
Spinal Cord.—Fifth cervical segment. 


A Fie. 10. 
Spinal Cord.—Fifth dorsal segment. 


Fig. 11. 
Spinal Cord.—Tenth dorsal segment. 


Fig, 12. : 
Spinal Cord.—Fourth lumbar segment. 


All these sections of spinal cord are stained by the Weigert-Pal method. 
They show the marked asymmetry of the cord, the left half being considerably 
smaller. The atrophy of the left antero-lateral column, the huge size of the 
right direct pyramidal tract, the sclerosis in the right crossed pyramidal 
tract, and the other points mentioned in the text are well seen. 


All the above sections are from Case 1. 


Fie. 13, 


Brain.—Section from the affected motor cortex of Case 2, Stained by 
Marchi-Pal method. This shows very well that the tangential, super and 
inter-radial fibres are present in abundance, although Nissl-stained sections 
show that there is an almost complete absence of the large pyramidal cells 
tbroughout the whole of the motor region of the same side. 


Fie. 14. 


Brain.—A more highly magnified view of a portion of fig. 18, showing an 
exceedingly well developed layer of tangential fibres. . 


"A NOTE ON THE DEEP TRANSVERSE FIBRES 
OF THE PONS. 


BY E. E. LASLETT, M.B., B.SC. 


Late Demonstrator of Physiology, Univ. Coll., Liverpool; Assist. Med. 
Officer, Park Hospital, London. 


THE lesion on which the following observations are 
founded was discovered while examining the nervous 
- system of a patient who died from cerebral haemorrhage. 
The patient was under the care of Dr. James Barr, at the 
Royal Infirmary Liverpool, and I am much indebted to 
him for permission to publish this note. 

Although lesions of the pons are not very rare, yet an 
opportunity of examining the resulting degenerations is 
comparatively uncommon, and the injury in this instance 
is an unusually favourable one for the study of the course 
and relations of the deep transverse fibres. 

The pons was hardened in Miiller’s fluid for a month, 
and thin slices treated with Marchi’s fluid in the usual 
way. Sections were cut after paraffin embedding. 

Lesion.—This is situated in the lower part of the upper 
half of the pons, about 2 mm. from the median raphe, and 
so placed as to intercept several large bundles of cross-fibres 
immediately posterior to the pyramidal tract, and, indeed, 
to involve to a small extent two bundles of the latter tract. 
In cross-section it is of an irregularly oval shape, with its 
long diameter, about 3 mm. in length, transverse. It 
extends about 2 mm. from above downwards. 

It is apparently a softened patch, due most probably to 
thrombosis of some of the small vessels. There are no 
signs of hemorrhage in it, old or recent. Microscopical 
examination of the softened area shows that it consists 
of a compact mass of leucocytes, traversed by one or two 


DEEP TRANSVERSE FIBRES OF THE PONS 265 


capillaries ; these, as well as the small surrounding vessels, 
being full of blood. The leucocytes are large, and accom- 
panied by numerous giant-cells, both varieties being filled 
with granules blackened by the osmic acid. 

The lesion is strictly unilateral and does not approach 
the middle line nearer than 2 mm. af any point, and is, I 
think, unusually interesting on account of its circumscribed 
character. 

Transverse fibres.—Thiese are degenerated on both sides 





Fig. 2. 


of the pons, but the altered fibres are much more numerous 
on the side of the lesion than in the opposite half. 

A section at the level where the softened area is greatest 
shows the following features (fig. 2):—(1) On the outer side 
of the lesion there is heavy degeneration in three main 
bundles of the cross-fibres, in several minor bundles in 
the immediate neighbourhood, and also in a thin transverse 
tract considerably posterior to the main part. Following 
these tracts laterally, they are seen to break up into smaller 
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bundles, extending over a large area, in the region of the 
lateral gray matter, and here apparently many of them end. 
Large numbers of fibres, however, pass beyond the gray 
matter, and enter in a more or less scattered fashion into 
the middle cerebellar peduncle, occupying mainly its inner 
half. 

There is also a small degeneration in two of the posterior 
bundles of the pyramidal tract. j 





Fia. 1. 


Section through the lower limit of pons. 
M.C.P.—Degenerated tract in the middle cerebellar peduncle. 
Py.T.—Degenerated fibres of the pyramidal tract. 


Section at the level of the lesion. The main features are drawn carefully 
to a magnification of four diameters, so that the area over which the 
degeneration spreads is accurately represented. 


(2) On the inner side of the lesion there is degeneration, 
also in three bundles. These pass directly to the median 
raphe, where they cross and have the same course as the 
above. A few scattered small bundles are seen in the 
neighbourhood of the raphe some little distance posterior 
to the lesion. The section from which the figure in the 
plate was drawn is slightly oblique, and consequently the 
mode of termination of these fibres on this side is not 
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shown, but in all respects it is the same as on the side of 
the lesion. 

Sections somewhat above or below this level show the 
same general appearances, but the number of degenerate 
fibres diminishes, of course, with the area of softening. 

Fig. 1 represents a section through the pons at its lower’ 
limit, below the injury. The only descending degeneration 
is in the posterior part of the pyramidal tract. This is 
small, and due to the fact above-mentioned, that the 
softening encroached slightly upon two small bundles of 
the aforesaid tract. The further course of this degenera- 
tion I had not the opportunity to follow. On the opposite 
side there are still seen some of the cross-fibres remaining, 
most of which are passing into the middle cerebellar 
peduncle. The degeneration remaining in the other middle 
peduncle at this level is too scattered to be represented in 
the figure. 

Sections above the lesion show no degeneration in the 
fillet or the posterior longitudinal bundle, nor are there any 
fibres ascending to the corpora quadrigemina. 

By studying sections immediately above and below the 
lesion it is seen that the degenerated transverse fibres are 
practically confined to the level of the injury, this being an 
indication that they maintain a fairly horizontal course until 
they reach the lateral linnt of the pons, where, of course, 
they dip backwards somewhat with the middle cerebellar 
peduncle. 

The lesion from its nature and situation cannot throw 
much light on the origin of these fibres, but some interesting 
points as to their destination may be ascertained. Pellizi (1) 
finds that destruction of the middle lobe of the cerebellum 
causes degeneration in the median field of the middle 
‘peduncle and in the stratum profundum of the pons. 
According to Cajal ponto-cerebellar fibres spring from the 
cells of the pontine nuclei. These cross the middle line and 
pass to the cerebellum by way of the middle peduncle of the 
opposite side. This is in all probability the origin of many 
of the degenerated fibres in the present case. 

The exact constitution of the middle cerebellar peduncle 
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is not by any means a settled question. Marchi, and Ferrier 
and Turner found, after destruction of one half of the cere- 
bellum, complete atrophy of the middle peduncle and of all 
‘the cross fibres of the pons. Risien Russell states that the 
. latter fibres pass to the pons ganglia of the opposite side. 

On the other hand, according to Thomas (2), the above 
lesion entails degeneration of only a small portion of this 
peduncle, and he concludes that its fibres are “passing from 
thé pons to the cerebellum. Klimow (8) similarly comes to 
the conclusion that this peduncle consists largely, if not 
exclusively, of centripetal fibres, originating in a great 
measure from the pons gray matter of the opposite side 
with a términation in the flocculus and hemisphere. 

The degenerated fibres in the middle peduncle in the 
present case are, of course, centripetal, and although they 
are scattered in each section, yet from the depth through 
which they extend one must conclude that there is a very 
considerable number of them. 

Inasmuch as the lesion is so near the middle line, one 
may conclude that all the damaged fibres of the same side 
have really crossed. Nevertheless, one is unable definitely to 
decide upon the origin of these fibres, which is in all proba- 
bility a multiple one. Their termination, however, is defi- 
nitely twofold, namely, (1) in the pons ganglia; (2) in the 
cerebellum. 
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TWO CASES OF ARRESTED DEVELOPMENT OF 
THE NERVOUS SYSTEM IN CHILDREN. 


BY FREDERICK E. BATTEN, M.D. 


(1) Arrested development of the left cerebral hemisphere 
and corresponding pyramid. 

(2) Arrested development of the cerebellum with hydro- 
myelia. 


Case 1.—A male child, aged six months, was admitted to the 
Hospital for Sick Children under Dr. Lees, and to him my 
thanks are due for permission to make use of the clinical notes. 
When a week old twitching of the left hand and foot were first 
noticed, when four months old both sides of the body became 
affected, and for the last fourteen days the child had ‘gone 
purple” in the fits. It was the fifth child, all the others being 
healthy. It was born at the eighth month, and the labour was 
natural. No evidence of syphilis could be obtained. Its parents 
were living and healthy. 

On admission the child was ill-nourished, weighing 61 Ibs., 
with a narrow forehead and a markedly asymmetrical head and 
face, the right side being larger than the left. There was, how- 
aver, ptosis of the left eyelid. and at the same time marked promi- 
nence of this eye. The orbicularis palpebrarum acted well. 

There was congenital absence of the left thumb. 

The trunk and limbs of the child appeared symmetrical, the 
right arm-jerk was more active than the left, the legs were rigid 
and the knee-jerks active and equal ; no ankle clonus. There was 
no paralysis of the limbs. 

The child had frequent fits, which always terminated by the 
child sneezing (according to the statement of the sister), During 
the fits the twitching began on the left side of the face, the eyes 
were turned to the right, the left leg drawn up, and the left arm 
flexed, the right leg rigidly extended. The child died a few days 
after admission to the hospital. 
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Post mortem. 


The asymmetry of the skull was very marked, the prominence 
of the left eye noted during life being due to the position of the 
orbital plate. 

The left hemisphere of the brain was very much smaller than 
the right, its substance being hard and firm, the convolutions 
remaining at the normal development usually reached between 
the sixth and the seventh month of fcetal life.’ Tht right side of 


‘the brain was normally convoluted. There was obvious defici-  - 


ency on the left side of the pons and medulla. The cerebellum 


Right Hemisphere. Left Henvisphere. 


Length š 11:5 cm. cs 10 cm. 
Weight sa 52 oz. = 3 oz. 


was noted as being abnormally large as compared to the size of 
the brain, being almost as large as that of a child of fifteen 
months, but there was apparently no asymmetry of the lobes. 
(No microscopic examination of the organ was made.) All the 
cranial nerves were normally situated with the exception of the 
first on the left side, and this may have been torn during the 
removal of the brain. The eyes were natural, and all the other 
organs of the body were healthy. 

Microscopical examination. The motor region of the cortex, 
both on the right and left sides, was examined by Nissl’s method. 
There would seem to be a diminution of the pyramidal cells on 
both sides, but this diminution was more marked on the left than 
on the right; the left cortex, however, contained some abnormally 
large pyramidal cells. 

Sections at the level of the corpora quadrigemina showed that 
the left crus was very considerably smaller than the right. The 
decussation of the superior cerebellar peduncle was present, and - 
the fibres appeared more abundant on the left side. The posterior 
longitudinal bundle was well seen and was symmetrical, and the 
descending root of the fifth was better developed on the right side 

. than the left. f 

Sections through the pons showed some very marked features ; 

there was almost complete absence of the pyramid on the left side, 

. the fillet on the left side was likewise almost absent, represented 
‘only by a very small bundle of fibres, and the superior peduncle 
of the cerebellum of the right side was very much diminished in 
size, the left being normal in appearance. The posterior longitu- 


1 Rerzius. Das Menschenhirn, tafe xxviii, 
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dinal bundles appeared symmetrical, and the transverse fibres 
of the pons also appeared about equal on the two sides. 

Sections at the level of the eighth nerve showed that the left 
pyramid was absent, the left fillet was absent, the ascending root 
of the fifth nerve was equal on the two sides, but the transverse 
fibres‘of the pons appeared at this level to be more abundant on 
the right than the left. This may, however, have been due to 
the line of the section being somewhat oblique. 

At the level of the olive the inferior peduncles of the cerebellum 
were equally developed, the olivary bodies on the two sides were 
practically symmetrical, although the right may have been some- 
what larger than the left. 

At the level of the decussation of the fillet, except for the fact 
that there was only one pyramid, no other abnormality could be 
detected. The funiculi gracilis and cuneatus were equal on the 
two sides. 


Spinal Cord. 


Cervical region.—The cord to the naked eye appeared almost 
symmetrical; there was, however, a slight diminution of the 
white matter on the right side, and under the microscope there 
was an obvious lack of fibres not only in the crossed but also in 
the direct pyramidal tract. The central canal in one of the sections _ 
was double, and in another was dilated. The grey matter and 
the cells of the anterior horn appeared normal, 

Dorsal region.—The cord in this region appeared normal, 
except for a slight difference in the size of the white matter on 
the two sides. 

Lumbar region.—The cord in this region appeared perfectly. 
. normal. 


REMARKS. 


One of the most interesting features of the case lies in 
the fact that the child was not hemiplegic in spite of the 
non-development of one hemisphere and one pyramid, but 
the condition found in the cord below the level of the decus- 
sation gives the explanation, since both sides of the: cord 
would appear to be innervated from one: hemisphere. This 
has previously been shown to be the case by Russell in a cat, 
in whom, although both hemispheres were normally de- 
veloped, there was absence of the right pyramid and the 
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right lobe of the cerebellum. The cord, however, below the. ` 


decussation appeared normal, and he showed that at the decus- . 
‘sation of the pyramid the fibres bifurcated, one set (the. 
larger) passing to the pyramidal tract of the opposite side, 
while the lesser bundle passed to the pyramid on the same 
side. 


aoe 


In Russell’s case the atrophy of the fillet, superior, 
middle, and inferior cerebellar peduncles and*the pyramid: ` 
were on the same side. In the present case the pyramid 
and fillet were atrophied on the same side and the superior _ 
cerebellar peduncle on the opposite side, tlie middle and 
inferior peduncles being normal. In his case the opposite 
inferior olive and funiculus cuneatus were atrophied, while 
in the present case they were apparently symmetrical and 
normal. 

Wiglesworth has also described two cases of oe 
cephaly of one hemisphere with absence of the corres- 
ponding pyramid, but in his ‘cases the condition was 
associated with hemiplegia and descending degeneration in - 
‘ the cord. 


s 


Case 2. Arrest of Development of the Cerebellum with 
Encephalocele and Hydromyelia. 


A female child, aged 4 weeks, was admitted to the hospital for 
Sick Children under Mr. Pitts (to whom I am indebted for the 
clinical notes) with an occipital encephalocele, which was present 
at birth, but gradually increased during the first weeks of life. 
‚Ihe sac was translucent, and measured 44 in. round the base. 
The tumour was removed, and the child did well for eight days, 
when it died somewhat suddenly. 

Post mortem, made twenty-four hours after death. It was found 

. that the meninges passed through a small round hole just large 
enough to admit the little finger in the occipital bone to form the ° 
sac of the meningocele. The hole in the bone was situated in 
the midline immediately below the torculus Herophili, and it was 
thus just below the tentorium. The substance of the cerebellum 
also tapered off, and passed just through the hole in the bone,, 
but probably not further into the sac. The shape of the cere- 
bellum was roughly pear-shaped. The lateral lobes of the cere- 
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bellum were much smaller than normal, and there was some ` 
sclerosis in parts. The right lobe appeared rather smaller than 
the left. The cerebrum was normal to the naked: eye, no abnor- 
mality, congenital or otherwise, could be detected. The posterior 
fossa: of the skull was curiously deformed, the part below the 
tentorium being very small and pear-shaped, corresponding to the 
defective development of the cerebellum. 

On the more detailed examination of the cerebellum it was 
found that the'stalk which passed into the cyst was formed of two 
canals. On passing a probe into the upper one it was found to 
pass towards the iter, while into the lower one the probe passes 
into the fourth ventricle. On opening up the canal, however, it 
is found that they are only separated from one another for a 
short distance from the point where they are cut off, and both 
entered the space between the lobes of the cerebellum. The 
superior peduncle of the cerebellum, which was much smaller than 
normal, passed back on the dorsal surface of the cerebellum, the 
lobes of the cerebellum that existed lying wholly ventral to these 
peduncles. The middle peduncles were normal in situation and in 
appearance. The inferior peduncle is represented by a small 
filament which passed up into the wall of the cyst. The two 
lateral lobes of the cerebellum were completely separated, and 
it was only the most ventral portion of them that appeared 
developed. The middle lobe was absent. 


Spinal Cord. 


The spinal cord at the level of the second cervical was cleft on 
the dorsal surface, so that the posterior columns were separated 
from one another by a cavity that was continuous with the central 
canal of the spinal cord. This cleft extended from the second 
‘cervical to the eighth cervical, at which level the cord appeared 
normal. At the level of the third dorsal, however, a cavity ap- 
peared in the centre of the cord, being a dilatation of the central 
canal. This extended as far as the ninth dorsal, but the greatest 
amount of dilatation occurred at the level of the fifth dorsal. 
The lumbar cord appeared normal. The staining was carried out 
by the Heller-Robertson method. The microscopical examina- 
tion did not add much to one’s knowledge; it proved, however, 
that the spaces in the cord were true dilatation of the central 
canal, since they were lined with columnar epithelium. The 
following is a description of the cord at the various levels :— 

Section just anterior to the pons.—At this region the decussa- 
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tion of the superior cerebellar peduncles, the fillet, and pos- 
terior longitudinal bundle, appeared normal; the pyramidal tract 
seen-on the ventral side of the section was not well stained. 

Section through the cerebellum and pons.—A transverse section 
was made through the cerebellum and pons. The complete 
separation of the two lobes of the cerebellum was a very notice- 
able feature. There was obvious sclerosis of the cerebellar 
substance, especially on the right side. The fillet, the posterior 
longitudinal bundles, and the pyramidal tract were normally 
developed, and the fibres from the inferior cerebellar peduncle 
were well stained; the transverse fibres of the pons were but 
little stained. 

Section through the medulla in the region of the olive.-—The 
olive was fairly well developed on either side, the interolivary 
stratum was well stained, the fibres of the inferior peduncle and 
the ascending root of the fifth were apparently normal. The 
vagus nerve can be seen normally stained. 

Section through the decussation of the pyramid.—At this 
yegion the only abnormal feature was the fact that the dorsal 
median fissure was continuous with the central canal of the 
spinal cord. 

Section at the level of the fourth cervical.—At this level the 
cord was normal, except for the fact that there was complete 
separation of the posterior columns, and the dorsal median 
fissure was continuous with the central canal; the space was 
lined by epithelium, which proved it to be a true dilatation of 
the central canal. The tracts and cells of the cord were 
normal. 

At the level of the eighth rervical.—At this level there was no 
longer a separation of the posterior columns, but there was an 
abnormal amount of neuroglia tissue situated in the position 
of Goll’s column. The central canal at this region was larger 
than normal, and had a handle-like projection into the neuroglia 
tissue in the posterior region. 

At the level of the third dorsal.—A triangular-shaped cavity 
existed, the posterior columns forming a horse-shoe round the 
neuroglia. 

At the level of the seventh dorsal.—The central canal was 
much dilated, and the posterior columns formed a horse-shoe 
round the neuroglia tissue, which was present on the dorsal side 
of the central canal, - 

At the level of the first lumbar.—At this level the cord has 
assumed its normal appearance. 
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En, 2 . REMARKS. . 


The abnormality met with in this case would seem. to be 
that which is usually found in cases of occipital meningocele, . 
é., lack of development of the cerebellum, the cyst com- 
municating with the fourth ventricle. Two canals, as in the 
above case, have been described as passing through tie 

opening in the skull. 

A similar case was described by Sutton i in his “ Tumours,” 
and the specimen is said to be in the museum of the Middle- . 
sex Hospital. In this case there was said to be no cerebellum, 
but. the flocculus was large and conspicuous. He also points 
out that the flocculus is developed from lateral outgrowths 
from the floor of the third vesicle, while the cerebellum is 
developed from the foremost part of the roof of that vesicle. 

Leyden also described two cases of meningocele in ‘the 
occipital region, with absence of the cerebellum and dilita- 
tion of the central canal in the cervical and dorsal regions, the 
first case being that in a child two and a ‘half years old and 
the second in a child two years old. 
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DESCRIPTION OF PLATES. 
Prars I. : i 


Fic, 1.—Lateral view of left cerabral hemisphere of child, aged 6 months, 
showing arrest of development at about the sixth to seventh month of fostal 
life. (Comp. Retzius, Das Menschenhirn, tafel xxviii. 

Fre. 2.—Ventral aspect of the seme brain, showing the marked asymmetry 


between the two hemispheres, and also the lack of development of the left 
crus. 


Prare II, 


Fre. 1.— Section through pons of same case, showing absence of left 
pyramid, left fillet, and diminution in size of. right superior cerebellar 
peduncle. 
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Fra; 2.—Section at the level of the eighth, nerve, showing absence of left 
‘pyramid and left fillet. 

Fic, 3.—Section at the level of the olive, showing the absence of left: 
pyramid, the Seely of the olives and of the interior padüneles of the 
cerebellum, 

Fıg.4.— Section at the level of the decussation of the fillet, showing. the 
absence ‘of the lett pyramid a and the symmetry of the funiculi gracilis and 
cuneatus, 

Fia. 5,—Section of cord in cervical region, showing that, the right side of 
the cord is smaller than the left, and there is some dilatation of the central 
“canal; it oan also be seen that the fibres in the direct pyramidal tract of the 
left side and the crossed pyramidal tract of the right side are not medullated. 


Fia. 6.—Section of cord in dorsal region; the asymmetry is less marked 
‘than in the cervical. 


‘Fig. 7,—Section of cord in lumbar region ; the asymmetry of the cord i is 


. + very slight, the right side being slightly smaller than the left. 


Prare IU. 


Section through pons and cerebellum of child, aged 4 weeks, with oceipital 
encephalocele, showing complete separation of the lobes of the cerebellum, 
with sclerosis of the right. The middle lobe is absent. (The cut separating 
the right lobe of the cerebellum from the pons is artificial.) The cavity 
between the two lobes communicated with the cyst in the occipital region. 


Prats IV. 


Sections at various levels through the pons, medulla, and cord, showing 
the separation of the postetior columns. in the cervical region and the dilata- 
tion of the central canal in the dorsal region, and the normal appearance of 
the cord in the lumbar and sacral region, 


PLATE IV. 
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HARRY CAMPBELL, M.D., F.R.C.P. 
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THE disease known as myasthenia gravis has hitherto 
attracted little attention in this country. Nevertheless 
some sixty cases have been recorded within the last few 
years, chiefly by German writers, and the disease has found 
a recognised place in German text-books on neurology. 

We have ourselves had the opportunity of examining 
nine cases. 

The disease has received various names. The earlier 
cases were published as “cases of bulbar paralysis without 
discoverable anatomical changes,” and some recent writers 
have adopted this nomenclature. Striimpell introduced the 
term ‘‘Asthenic bulbar palsy.” The affection is, however, 
not confined to the bulbar muscles. Other names which 
have been employed are ‘general profound myasthenia,” 
“Erb’s disease,” the ‘‘Hrb-Goldflam” and the “Hoppe- 
Goldfiam-symptom-complex.” Jolly has proposed the term 
“myasthenia gravis pseudo-paralytica,” and this, or for 
short ‘‘ myasthenia gravis,” appears to us the most suitable 
and convenient hitherto suggested. 


} 
SALIENT FEATURES OF THE DISEASE. -- - 


There is weakness, sometimes amounting to complete 
paralysis, of some or all of the voluntary muscles. After 
prolonged rest of the affected muscles, e.g., the first thing 
in the morning, they may respond normally to the will, but 


278 ‘CRITICAL DIGEST 


they become rapidly “exhausted after Saale contractions, 
‘yegaining their power again after rest. In severe cases, 
- however, weakness and, indeed, actual paralysis may persist 
even afier prolonged rest. T> 
=<: The affected muscles often exhibit the ‘‘ myasthenic 
reaction;” becoming exhausted by faradie stimulation just. 
as they are by voluntary effort; galvanism, son the other 
hand, having little power in this respect. . 


i aoe The entire system of voluntary muscles may be affected, 
‚ .but those muscles are most apt to be implicated which 


normally act most constantly, such as the cervical muscles 
and the extrinsic muscles of the eye-balls. The bulbar 
muscles are very generally involved. Hence the term 
“asthenic bulbar paralysis.” + ? 


n A characteristic feature of the disease is its tendency to 


fluctuate in severity from day to day, or from week to week, 
or even to disappear for months or years, to reappear. — 

© There are no sensory symptoms. Death occurs in a 
large proportion of the cases, but no structural changes. 
have been discovered to account for the symptoms. 


HISTORICAL. 


Wilks (1), in a paper published in Guy’s Hospital 
Reports for 1877, describes a case of bulbar paralysis in 
which no anatomical changes were found after death. This 

‘is the first reference to myasthenia gravis to be found in the 
literature. 

Erb (2), in the following year, described a peculiar form 
of bulbar disease (“einen eigenartigen wahrscheinlich bul- 
bären symptomen complex ”), the characteristic symptoms 
of which were: ptosis, weakness’ of the jaws’ and neck 
muscles; and of secondary importance—weakness of the 
tongue and extremities, difficulty in swallowing, and weak- 
ness of the upper part of the face. 

The publications of Wilks and Erb do not appear to have 
attracted much attention, for no further publication followed 
until 1887, when two cases were recorded, the one by 
Oppenheim (5), the other by Eisenlohr (4). In 1890 two 
cases were described by Bernhardt (7) and Leonard, Shaw 
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(6), but it was not until the papers of Jolly (8), Hoppe (11), ` 
and Goldflam (9) appeared, that the was established 
as a definite clinical entity. 

Hoppe, in 1892, was the first writer to give a full. account 
of the disorder. 

In 1895 Strümpell* reviewed the literature of the disease 
and collected twenty undoubted examples which had been 
reported up to that time. In 1898 an excellent resumé of the 
subject appeared by Laquer (40) of Frankfort. . 

During the last four or five years there have been 
numerous additions to the literature of the disease, and 
there are now some sixty or seventy cases on record, ten. 
having been described in this country. f 

The most complete account of the disease published in 
this country is that of Buzzard (55). . 

Of the cases hitherto recorded ten have been in England, 
four in America, eight in France, five in Italy, the remainder 
in Germany and Austria. 

It is difficult at present to form an idea as to the 
frequency of a disease the clinical picture of which is so 
little known to the medical profession. The condition is 
undoubtedly a rare one. Erb did not meet with another 
case for twenty years after his original description. 

During the last six months four patients suffering from 
myasthenia gravis have, been treated in the National Hos- 
pital, Queen Square. 


ETIOLOGY. 


Males and females are almost equally affected. The age 
at which the sexes are attacked is different. Of fifty-eight 
cases the average age was for men 35 and for women 24 
years. The youngest patient in whom the disease has been 


* Strumpell’s cases :— 


Wilks (1) Erb (3) Hisenlohr (1) 
Oppenheim (1) Shaw (1) Bernhardt (1) 
Jolly (2) Goldflam (4) | “ Hoppe (1) ° 
Reinak (1) Pineles (3) Strümpell (1) 
+ Wilks (1) Shaw (1) Dreschfeld (1) 


Suckling (2) Clifford Allbutt (1) Guthrie (1) 
Harry Campbell (1) Buzzard (2) 
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observed—excluding a doubtful case in a child aged 24 des- 
cribed by Mailhouse, (39)—was 12, the. oldest patient, 55. 

With regard to occupation, no conclusive deductions are _ 
to be drawn, although in the majority of instances in which - 
mention of this point has been made the patients have been 
- manual workers. 

Rarely has there been a family tendencys to nervous 
disease. Exceptions to this are found in cases recorded by 
Goldflam (9), Sinkler (50), Buzzard (55), Suckling (15), 
and Kojewnikov (80). No case is on record in which 
more than one member of a family has been affected. As 
frequently as not the malady attacks individuals who have 
previously enjoyed good health. A considerable percentage 
of the female patients have been anemic. Laquer’s patient — 
suffered from attacks of gout. In a few instances there have 
‘been signs of a defective nervous system. In Berkeley’s (84) 
case there was an obvious mental defect. In a case described 
‘by Karplus (87) the patient had recurring ptosis from the 
time she was 5 years of age. In Saenger’s (43) case the 
patient had infantile paralysis when a child. Eisenlohr’s 
patient as a child suffered from megrim occasionally accom- 
panied by ptosis. With these exceptions there is a striking 
‘absence of a nervous or hysterical temperament. 

Syphilis and alcohol appear to play no part as causative 
factors. 

Not infrequently the symptoms have followed upon. 
‘some previous affection, such as influenza (Remak, 12), 
scarlatina (Campbell, 53), typhoid fever (Sinkler, 50), sore 
throat (Saenger, 43; Eulenberg, 38), otitis media (Jolly, 20), 
- an attack of diarrhoea (Shaw, 6), and acute intestinal ob- ° 
struction (Feinberg, 57). In one case the onset of menstrua- 
tion (Kojewnikov, 30), in others a confinement (Punton, 51, 
Laquer, 40), appear to have acted as exciting causes. 
Emotional excitement (Angelini, 49), a chill (Kojewnikov, 
30; Clifford Allbutt, 53), the extraction of a tooth (Wheaton, 
41) and an attack of megrim (Eisenlohr, 4) have been blamed. 
In two cases the illness was attributed to taking cold baths 
(Buzzard, 55; Montesano, 45), in others to over-exertion 
(Suckling, 15, Buzzard, 55). 
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MODE oF Onser. . 


The disease usually comes on gradually, although in a few 
cases the onset has been sudden. Occasionally slight head- 
ache, pain in the neck and back, giddiness and photophobia 
have immediately preceded the first symptoms of motor 
weakness. - 

Most frequently the characteristic weakness first shows 
itself in the muscles innervated by the bulb. Thus, in the 
case of a schoolboy, the first symptom was an inability to 
keep the eyes open—he was unable to look at the blackboard 
on account of the dropping of the upper eyelids. Diplopia, 
weakness of the lips, indistinct speech, difficulty in masti- 
cating and in swallowing, and inability to hold the head 
erect, have each been met with as the earliest manifesta- 
tions of the disease. A considerable number of cases have 
been described in which the limbs were first affected. An 
hotel cook found that his fingers were weak after rolling 
dough. Another patient first noticed weakness in the 
fingers after sawing wood. A housemaid, who had a great 
deal of ‘stair work,” became very weak in the legs, so 
much so that on several occasions the legs gave way and 
she fell to the ground. In some cases the initial weakness is 
more general, affecting both the limbs and bulbar muscles. 


SYMPTOMATOLOGY. 


Bulbar muscles.—Ptosis is a common symptom; it is 
usually bilateral and often more marked on one side than 
the other. Sometimes the ptosis is constant; in other cases 
it is only present towards the latter part of the day, or if 
the patient attempts to look up for any length of time, 
when the upper lids gradually fall. On account of weak- 
ness of the occipito-frontales muscles, frontal overaction, 
which is so frequently associated with the ptosis of tabes 
and serves to antagonise the drooping of the lids, cannot 
occur. The only way in which the patient can counteract 
the ptosis is by throwing back his head, but here again 
weakness of the neck muscles makes it difficult for him to 
maintain this position. 
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Some interesting observations in connection with ptosis 
were made in Dr. Buzzard’s male case. It was observed 
by Mr. Marcus Gunn that on appealing to the patient’s 
emotions and occasionally upon mental concentration, the 
upper lids were temporarily raised to some extent, in associa- 
tion with a certain amount of dilatation of the pupils. In 
the same patient on another occasion, just after he had 
awakened from sleep, the upper lids were retracted so that 
the sclerotic was visible above the corneal margin. In this, 
as in several other recorded cases, von Graefe’s sign was at 
times present. These facts would suggest that the fibres of 
Müller are not affected. 

Weakness of the external ocular muscles with consequent 
diplopia is often present. Sometimes one muscle is more 
affected than others, sometimes there is a general paresis 
affecting all the extrinsic muscles, while in some cases com- 
plete and persistent ophthalmoplegia externa has been pre- 
sent. A striking feature of the diplopia in myasthenia 
gravis is the alteration in the relative position of the two 
images at different times. 

In some cases irregular nystagmoid movements, similar 
to those seen in conditions of general asthenia, are induced 
upon conjugate lateral deviation of the eyes. The ocular 
muscles, as is the case with other voluntary muscles, become 
readily fatigued; patients frequently complain that after 

“reading a few lines the letters and words become blurred 
and indistinct, and run into each other. 

Pupil changes are quite exceptional. The pupils are 
sometimes unequal. In one case, recorded by Brissaud and 
Lantzenberg (36), in which, however, the diagnosis appears 
doubtful, they did not react either to light or accommoda- 
tion, while in one or two others the reactions were sluggish. 

In Dr. Buzzard’s case, already alluded to, after prolonged 
convergence the pupils sbowed a great tendency to oscilla- 
tory movements. Attempts to tire out accommodation in 
this case, as in others in which the experiment has been 
tried, were unsuccessful, nor was it found possible to exhaust 
the sphincter iridis by holding a bright light in front of the 
eyes. 


a 
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Difficulty in masticating is one of the most constant 
symptoms of the disease. "The difficulty may be slight and 
only noticeable after a meal, and more especially towards 
evening. Sometimes the: weakness of the muscles of 
mastication is so great that the finger may be placed with 
impunity between the patient’s teeth while he closes the 
jaws with all the force he can command. Often the mouth 
is kept slightly open because of the weakness of the 
elevators of the jaw. In cases in which the weakness of 


-the muscles of mastication is great, there is a tendency for 


the lower jaw to drop, which causes great distress to the 
patient. In several cases the patient was in the habit of . 
supporting the lower jaw with the hand while masticating. 
In Buzzard’s first case a curious symptom, connected 
with the jaw muscles, was complained of. The patient 
stated that not infrequently he was wakened from sleep 
by a champing movement of the jaws, which sometimes 
resulted in his biting his tongue. This symptom was 
probably due to a clonic contraction of the elevators of the 
jaw, and is comparable with the clonic movements which 
have been occasionally noticed in the extremities. Patients 
sometimes complain of an increased flow of saliva, probably 


. comparable to the well-known dribbling of bulbar paralysis. 


The facial appearance is striking and characteristic. 
The immobile, expressionless face and the drooping upper 
lids remind one of the Landouzy-Dejerine form of myopathy. 
Often there is complete inability to wrinkle the forehead, 
raise the eyebrows, or to frown. Erb (2), in describing his 
early cases, draws attention to this upper facial weakness. 

The sphincters of the orbit are often so weak that the 
patient is unable to keep his eyes closed against the slightest 
resistance. In many cases there is great weakness in the 
muscles about the mouth. A very poor attempt is made 
to raise the upper lip and show the teeth; the patient 
cannot pout the lips, “empty a spoon with the upper lip,” 
whistle, or blow out a candle. In extreme cases fluids 
dribble from the mouth while drinking. In one case the 
patient was in the habit of supporting the lower lip with 
her fingers to prevent this occurring. 
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Difficulty in swallowing is another symptom which is 
rarely absent. In several instances death has followed 
attacks of choking brought on while swallowing. Fluids 
are, as a rule, more easily taken than solids, although, on 
account of weakness of the palate, they frequently regur- 
gitate through the nose. One patient, when swallowing, 
always supported the hyoid bone with her ‚hand. The . 
pharyngeal reflex is often absent, a fact which "is probably 
of importance in explaining this symptom. , 

Weakness of the palate is of frequent occurrence, the 
voice becomes nasal, and, if the weakness is marked, fluids 
regurgitate through the nose when the patient drinks. The 
patient is unable to blow out his cheeks, the air escaping 
through the nose. The movement of the palate is almost 
always impaired and becomes much more feeble after , 
repeated vocalisation of the letter a. 

The palatal reflex is usually diminished, and may be 
absent. 

Paralysis of the laryngeal muscles has been but rarely 
noticed. In one case there was paralysis of one vocal cord 
(Punton, 51); in another movement of one cord was defec- 
tive (Bernhardt, 7). In other cases the tone of the voice 
has been lowered, suggesting weakness of the adductors. 

- In Hoppe’s case there was weakness of both abductors 
and adductors. In one case (Dreschfeld, 14) the abductors, 
in another the adductors were weak (Kojewnikov, 30). 
In.Dr. Buzzard’s first case it was remarked by Sir Felix 
Semon that after repeated deep respirations the cords did 
not separate so much as at first, clearly showing myasthenic 
weakness of the abductors. In two cases, those of Wernicke 
(16) and Toby Cohn (81), anesthesia of both pharynx and 
larynx was present. 

A feeling of fatigue and of “aching ” and “stiffness ” in 
the tongue is often complained of, especially after speaking 
or eating. The movements of the tongue may be impaired. 
The patient can usually protrude the tongue, but cannot 
long maintain it in this position, and hè may not be able to 
thrust out the cheek forcibly with it. 

Very characteristic alterations in speech occur. It may 
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be that the patient speaks naturally when he begins, but 
soon speech becomes nasal; words become more and more 
indistinct ; the voice becomes weaker and weaker, and finally 
he has to stop for want of breath. The altered speech is 
due, in part, to weakness of the articulatory apparatus—lips, 
jaws, tongue, and soft palate; in part to defective action of 
the respiratory muscles, which make it impossible for the 
patient to t&ke in sufficient air for phonation. These pecu- 
liarities are well demonstrated when the patient reads aloud. 

Trunk muscles.—The myasthenia, as already observed, 
involves the muscles of the trunk and limbs, as well as those 
just considered. 

Weakness in the neck muscles and consequent inability 
to support the head is common. "In some cases the head 
tends to fall forwards, in others backwards, and it often 
requires support. 

The muscles of the bask may suffer in a similar manner, 
so that the patient cannot sit up for any length of time 
without feeling tired. On account of weakness of the 
abdominal muscles he may be quite unable to raise him- 
self from the recumbent to the sitting posture without using 
his hands. So marked is the weakness of the trunk and 
limb muscles in some cases that there is the greatest diffi- 
culty in turning in bed. 

The muscles of respiration may likewise be involved. ‘In 
one case the difference between the circumference of the 
chest at full inspiration and complete expiration amounted 
to a quarter of an inch only. The dyspnoea, which results 
on even slight exertion, finds a ready explanation in this 
fact. Besides the dyspnoea which follows exertion, un- 
accountable attacks of breathlessness occur, during which 
the patient is m danger of his life. Strümpell (24) gives a 
graphic account of the dyspnoic attacks which occurred in 
his case:—‘‘The patient falls to the ground if walking, 
becomes cyanosed and breathless. Respiration is noisy 
and restless; sputum accumulates in the mouth; he can 
neither swallow it nor sp:t it out. The tongue appears to 
sink back into the mouth. If in bed he sits up with head 
bent forwards, the saliva flowing from his mouth. The 
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arms when raised fall flaccid to the side.” These attacks 
may persist for several hours. Strümpell believes that they 
are due to sinking back of the tongue, and in his case he 
was in the habit of pulling the'tongue forward with marked 
benefit. Attacks of palpitation are not uncommonly com- 
plained of, sometimes in association with dyspnoea, at other 
times quite independently. The palpitation may be entirely 
subjective and unassociated with any increase fn the pulse 
rate. 

` Extremities. —It has been pointed out that in the extremi- 
ties the muscles situated near the trunk usually suffer most. 
Not infrequently the first weakness in the arms is noticed 
when the patient undresses at night to go to bed. One of 
the earliest symptoms in the case of a female patient was 
inability to raise the arms in order to brush her hair. But 
the weakness is by no means confined to the shoulder and 
upper arm muscles. In two cases, already referred to, 
weakness in the fingers was the first symptom to appear. 
The handwriting may show characteristic changes dependent 
upon the myasthenic condition. At first the letters are well 
formed and the patient writes fairly rapidly, but gradually 
the writing becomes slower and more laboured and the 
letters badly formed, until finally he has to give up the 
attempt. Weakness in the arms may be so great that the 
patient cannot feed himself. The ilio-psoas and quadriceps 
would seem to be the muscles which are as.a rule most 
involved in the legs. Asa rule the patient is unable to 
walk a long distance, sometimes he cannot walk fifty yards, 
indeed, he may not be able to walk at all. 

In slight cases the patient appears to walk quite naturally. 
When the legs feel tired he rests for a minute or two, and 
then walks on almost as well as before. In cases in which 
the lower extremities are very weak the gait is waddling in 
character. 

Sudden giving way of the legs is a not infrequent symp- 
tom, and was first drawn attention to by Striimpell. 

Factors influencing the myasthenic condition —Emotional 
excitement increases the intensity of the symptoms in 
a very striking way. In one of Goldflam’s cases a relapse 
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occurred after a fright. The presence of a strange doctor 
may be sufficient to intensify the symptoms for the time 
being. In one case reading an exciting description of a 
battle produced a similar result. 

Buzzard’s patient always felt worse in cold weather. In 
a case under the care of Dr. Ormerod five years ago, which 
presented many of the features of myasthenia gravis affect- 
ing the limb’, the patiens, a blacksmith, writes to say that 
he is now quite well, although in the cold weather he still 
notices some weakness in his fingers. The myasthenia 
in Campbell’s second case was always increased by cold 
weather. 

Female patients are often worse at the menstrual periods. 
Such was very decidedly the case in one of our own patients. 
As we have seen, several of the recorded cases have come on 
after a confinement. 

The speedy production of muscular exhaustion consti- 
tutes the most striking feature of the disease. Persistence 
in a movement causes it to become gradually weaker, and 
ultimately impossible, until after a short rest, when it can 
again be repeated. 

As Strümpell pointed out, persistent paresis picks .out 
especially those muscles whose function necessitates per- 
sistent activity, such as the cervical muscles and the ex- 
trinsic muscles of the eyes. 

Laquer (40) found that fatigue induced in one group of 
muscles causes fatigue in others, and Mosso has shown that 
this is also true of physiological fatigue. Goldflam, on the 
contrary, in a case which he examined, was unable to 
demonstrate this point. Observations on Dr. Buzzard’s 
cases support Laquer’s conclusion. 

The great variations which occur in the intensity of the 
symptoms from time to time are very characteristic of the 
disease, and were first called attention to by Goldflam (18). 
Even in hospital, when a most careful record is kept of a 
patient’s every act, quite unaccountable relapses occur. 

Electrical reaction.—Jolly (20) in 1895 drew attention to 
the peculiar manner in which the musclés react to electrical 
currents. He found on applying a tetanising current to the 
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muscles of a patient suffering from this disease a brisk con- 
traction was produced, but that if the electrodes were kept 
in contact with the muscle the contraction became gradually 
feebler until finally the muscle ceased to respond. On 
` removing the electrodes and reapplying them again after a 
minute or two a good contraction was obtained, which 
disappeared just as on the first occasion. Jolly compared 
the exhaustion produced by electrical stimulstion to that 
which results after voluntary exertion, and he gave the 
name myasthenic reaction to the phenomenon which he had 
observed. 

The myasthenic reaction is not always present ; it occurs 
in some cases as a passing symptom, in other cases it has 
not been obtained. 

At one time a muscle can be exhausted in twenty-five to 
thirty seconds by the application of a moderately strong cur- 
rent, at another time it is impossible to exhaust it; a fact 
not surprising in view of the known variability of the 
myasthenia from time to time. The comparison between 
the myasthenic reaction and the myotonic reaction found in 
Thomson’s disease is of interest. 

‘Further, the myasthenic reaction is met with in different 
muscles at different times. 

Murri (25) made the interesting observation that after a 
muscle has ceased to respond to the faradic current volun- 
tary power still persists, and is only slightly diminished in 
degree. l 

The readiness with which the myasthenic reaction can 
be obtained, as Jolly has remarked, varies with the degree 
of fatigue in the muscles. X 

Attempts to exhaust the muscles with galvanism result 
only in a slight diminution in the contraction. 

In cases described by Erb (2), Oppenheim (5), Bern- 
hardt (7), Senator (10), Kojewnikov (30), Montesano (45), 
Wernicke (16), Pineles (23), and Kalischer (32) diminished 
excitability was present in certain muscles, notably in those 
of the tongue, neck, and shoulder. In Kojewnikov’s case 

reaction of degeneration was present in the tongue. : 

Atrophy.—Although muscular atrophy is altogether ex- 
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ceptional in this disease, in a few cases it has been met with. 
Some of the recorded instances have probably been cases 
of polio-encephalitis (superior nuclear palsy), but others— 
and such cases are of extreme interest—have presented the 
classical features of myasthenia gravis. ` 

In one of Erb’s cases the masseters were atrophied. 
Atrophy of the tongue has been described by Erb (2), 
Dreschfeld (14), and Kojewnikov (80). In Dreschfeld’s 
case there was some degree of atrophy in the sternomas- 
toids, trapezii, and deltoids. In Kojewnikov’s case the 
face muscles were manifestly atrophied, while both masseters, 
especially the left, were very atrophic. 

In Kostetzki’s (47) case the pectorals, deltoids, thenar 
and hypothenar eminences, glutei and spinal muscles, were 
atrophied. In this case, however, the diagnosis was not 
quite clear, the writer regarding it as a transition form 
between chronic bulbar paralysis and asthenic bulbar 
paralysis. One of Laquer’s (40) cases is of the greatest 
importance in this relation, for in it atrophy of the deltoid, 
biceps, triceps, pectorals, interossei, quadriceps, and calf 
muscles, developed while the patient was under observation. 

Fibrillary contraction was present in the tongue in cases 
recorded by Erb (2) and Senator (10), but in no other region 
has it been noticed. 

In some cases occasional chronic spasmodic jerks occur 
in the extremities; this was so in Buzzard’s female case (55). 

The muscular sense and co-ordination are never impaired. 

With the exception of a feeling of fatigue in the muscles 
after they have been exercised, and of stiffness due pro- 
bably to immobility, sensory symptoms are seldom present. 
‘Sometimes patients complain, even when lying in bed, of 
an aching in the limbs, and this, like the stiffness, is 
probably connected with the immobility of the affected 
parts. The muscles are sometimes tender on pressure; 
no other objective sensory disturbance occurs. 

The skin reflexes are in no way peculiar. A jaw-jerk is 
sometimes present. The triceps- and biceps- jerks are, as a 
rule, brisk, although in some cases it is difficult to elicit 
them. 

VOL. XXIII. 19 
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The knee-jerks are usually rather more active than 
normal. In a case described by Collins (26) it was found 
possible to abolish the knee-jerk by seven or eight strokes 
on the patella tendon. In one of Goldflam’s cases a similar 
condition was present, while in Strümpell’s case the activity 
of the knee-jerk appeared to diminish somewhat. In other 
cases the knee-jerk did not diminish after repeated tapping 
(Liaquer, 40; Angelini, 49; Buzzard, 55). The knee-jerk 
does not diminish if the quadriceps is fatigued. In one of 
Buzzard’s cases exhaustion of the vastus internus by fara- 
disation produced no effect on the knee-jerk. Ankle clonus 
is not met with. The plantar reflex, where it has been 
tried, gives a flexor response. 

The sphincters are never affected in this disease. No 
trophic changes occur in the bones or skin. 


MORBID ANATOMY. 


In the great majority of cases in which an SROPY has 
been made no lesion has been found. 

Of seventeen cases which have come to the post-mortem 
table, in only six was anything abnormal found which could 
possibly account for the symptoms, notwithstanding that in 
many of the cases the most modern methods were used, and 
the microscopical examinations made by highly skilled 
observers. 

Two cases described by Mayer (18) and Kalischer (32) 
respectively, deserve special attention in this relation. 
Mayer’s case appears to have been an undoubted example 
of the disease. The patient had speech trouble, difficulty in 
swallowing, weakness of the jaw muscles, double ptosis, and 
paresis of the extremities; there was no atrophy, and the 
reflexes were normal; towards evening and after exertion 
all the symptoms were most pronounced; temporary im- 
provements and relapses occurred, death ultimately occurring 
by choking. Microscopical examination showed that the 
cells of the hypoglossal nucleus, with the exception of a 
small number which contained vacuoles, were completely - 
normal, as were those of the anterior horns. A morbid 
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condition of the intra-medullary portion of the anterior 
roots, as well as the hypoglossal root, was present, particu- 
larly well seen in Marchi preparations. Undoubtedly the 
condition of the nerve sheaths was pathological, but to 
what extent the axis-cylinders were affected could not be 


determined. 
In the case which Kalischer describes, the diagnosis is not 


absolutely certain. J olly (20) believes it to have been a case 
of myasthenia gravis, but Striimpell (24) is not convinced. 
A description of the case will be found in the appendix. 
Kalischer found degenerative changes in the cells of the 
motor gray matter from the oculo-motoy nucleus, through 
the whole length of the cord to the sacral region, the fine 
fibres of the gray matter being rarified. Smal] hemorrhages 
were seen round the dilated blood-vessels in this region. 
The vessels had in places undergone changes, the adventitia 
was thickened, and here and there aneurismal dilatation of 
the lumen was present. 

Widal and Marinesco (33) have recorded a case in which, 
besides dilatation of the vessels, a partial disappearance of 
the chromatophilic elements in the nerve-cells of the third, 
sixth, seventh, and twelfth nuclei existed. Degenerated 
fibres were demonstrated by the Marchi method in the 
third, seventh, and twelfth nerve-roots. This case again is 
not quite typical, for death, which occurred suddenly fourteen 
days after the first symptoms were noticed, was preceded for 
eight days by slight fever. 

In a case reported by Murri (25), numerous hemorrhages 
were present and chromatolysis in some of the cells of the 
hypoglossal nucleus. Cohn disregards the cell changes 
found in this case, since the post mortem was not made 
until six days after death. 

In two cases (Eisenlohr, 4; Wernicke, 16), recent 
hesmorrhages were found in the medullary nuclei. These 
patients died, the one of paralysis of the diaphragm, the 
other suddenly of asphyxia, and it is possible that the 
hemorrhages were produced in the act of dying. In 
another case, described briefly by Charcot and Marinesco 
(22), in which recent hemorrhages were met with beside 
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the aqueduct of Sylvius and about the ventral nucleus of 
the vagus, the patient died with “ bulbar symptoms.” 

Such cases are, however, exceptional, and, as already 
observed, in the majority of cases no visible lesion has been 
met with after death. In the few cases in which changes 
have been present, these changes, as Kalischer (82) and 
Laquer (40) have pointed out, were not present in all those 
centres whose functions showed signs of disturbance during 
life. Changes, no doubt, are present, although it may be 
that they cannot be demonstrated by our present methods ; 
but it is open to question whether those hitherto described 
are actually the cause of the symptoms which the patients 
manifest during life. It is of great importance that in 
future careful examination be made not only of the multi- 
polar cells, but also of the muscles themselves, of the nerve- 
endings in the muscles, of the motor nerves, nerve-roots and 
cortical cells. 

In the few cases in which the muscles have been ex- 
amined no changes have been found. 


SEAT oF LESION. 


It can be readily understood that in the presence of such 
a meagre morbid anatomy, various views are held as to the 
seat of the lesion. ` 

As Striimpell states (24), there is not a single case which 
is associated with symptoms pointing to parts other than the 
motor nervous system, and so much seems to be admitted by 
all observers. Collins (26), although he admits that the 
phenomena of the disease are largely manifested through 
the motor system, is inclined to regard the condition as due 
to an affection of the sympathetic. He bases his opinion 
upon the attacks of collapse and cyanosis from which his- 
patient suffered. 

Jolly (58) concludes from the myasthenic reaction that 
an abnormal condition exists in the muscles themselves. 
There are, he contends (58), no certain facts proving that 
the disease is one of the central nervous system. 

Mendel (58) thinks that the occurrence of sudden death 


MYASTHENIA GRAVIS ` 293 


in some cases is opposed to the view that the disease is 
always a purely muscular affection. Strümpell (24) argues 
from the myasthenic reaction that the affection is not 
limited to the upper motor neuron. 

It is not possible, with the facts we at present possess, 
to make any definite statement as to the part or parts of the 
neuromotor apparatus involved by the morbid process. 


PATHOLOGY. 


We are equally ignorant as to the true pathology of the 
disease. It has been suggested, and this view is very 
generally accepted, that the disease is due, to some toxic 
agent, the result of a disturbed metabolism. Laquer 
strongly supports this metabolic theory, and he points out 
with regard to physiological fatigue that the preservation 
of normal muscle excitability is dependent upon a suit- 
able change between rest and activity, that long-continued 
activity, resulting ın the complete loss of irritability, is the 
condition in fact which we call fatigue, and that the appear- 
ance of fatigue depends upon the existence of products of 
decomposition out of the muscle substance itself which 
accumulate in the blood. 

Collins (26) thinks that the most plausible theory of the 
pathogenesis of the disease is that a poison is generated in 
the system and continuously operates on the vegetative 
portion of the body. When vitality is sufficiently low to 
let the poison get the upper hand a relapse occurs. 

It may be, however, that the toxine is of exogenous and 
not of endogenous origin. As Strümpell points out (24), the 
absence of any family tendency and the onset in some cases 
after an acute illness are in favour of this view. i 

In regard to the pathology of the disease it is impossible 
at present to do more than surmise. The view we ourselves 
put forward is that the disease is due to a poison probably of ` 
microbic origin acting upon the lower motor neurons and 
interfering with their functional activity without necessarily 
producing discoverable change in structure. We suggest 
that the poison acts upon the motor fibre (= axon) or end 
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plates; as to whether it also acts upon the cell-body (in 
bulbar nuclei or anterior horns), we can form no opinion. 

The evidence in favour of a toxine being the patho- 
genic agent is strong. The symmetry of the affection is 
alone highly suggestive of this view; also the fact that it 
occurs in connection with disease in which nerve poisons are 
known to be produced. Thus cases occur after such diseases 
as scarlatina, influenza, sore-throats, typhoid *fever, which 
are well known to be often followed by toxic neuritis. Other 
cases have occurred after otitis media, others have begun 
with diarrhoea, both of which diseases may be associated 
with blood-poisoning. We have ourselves seen Laundry’s 
paralysis originate in an acute gastro-intestinal attack with 
profuse diarrhea, undoubtedly due to ptomaine poisoning, 
the poison in this instance apparently paralysing, like urari, 
the motor end organs. Megrim, again, is a disease which is 
almost certainly toxically induced, and it is noteworthy that 
one of the cases of myasthenia gravis occurred in a megrim- 
- ous patient immediately after an attack of megrim. 

It is now fairly well established that tabes dorsalis is a 
toxic disease, the poison acting chiefly upon the sensory 
periphery, but also to some extent upon the lower motor 
neurons, causing the Argyll-Robertson phenomenon, paresis 
of the extrinsic ocular muscles, and the levators palpebrarum. 
Now, in the case of the latter muscles, the paresis is often 
transient ; moreover, we have observed the fatigue pheno- 
menon in these cases. Seeing then that transient paralysis 
and the fatigue phenomenon may be brought about by a 
toxin, it does not seem improbable that myasthenia gravis 
may be similarly induced. Assuming the disease to be pro- 
duced by a toxin, we have to inquire whether the poison 
is endogenous or exogenous. We know that substances 
normally present in the body may cause fatigue, and con- 
ceivably myasthenia may be due to an excess of such poisons 
—poisons, namely, produced by the metabolism of the organ- 
ism. The occurrence of the disease after such maladies as 
influenza, scarlatina, typhoid, and sore-throat suggests a 
microbic origin. 

The poison may conceivably act upon the motor nervous 
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system, or upon the muscles themselves. In the former 
ease it might involve the upper or the lower neuron or 
both. 

Several arguments may be adduced against the upper 
neuron being the essential seat‘of the lesion. The myas- 
thenic reaction and the exhaustibility of the knee-jerks, as 
met with in.Collins’ case, the occasional atrophy and 
diminished fatadic excitability, cannot be explained on the 
assumption of an upper neuron-lesion alone. Nor can 
we in this way explain the tendency to spontaneous attacks 
of dyspnoea, attacks so severe as to frequently prove fatal. 
Nor, again, the tendency to choking from pharyngeal para- 
lysis, seeing that the choking is essentially due to defect 
of the voluntary part of the act of deglutition. Further, the 
attacks of palpitation are in no way suggestive of a lesion in 
the upper motor level. One cannot, indeed, fail to detect a 
likeness between the attacks of dyspnoea, choking, and palpi- 
tation met with in myasthenia gravis, and similar attacks 
occurring in affections of the lower motor level, to wit, 
bulbar paralysis and peripheral neuritis—the diphtheritic 
form, for instance. 

But perhaps the most conclusive evidence against the 
view that the essential lesion is situated in the upper motor 
neuron is afforded by the myasthenic reaction ; the muscles 
in myasthenia gravis become unduly exhausted by faradic 
stimulation, the same fatigue being experienced as occurs 
after voluntary action in this disease. It is evident that this 
phenomenon must be due to a peripheral cause. 

We have next to consider whether the disease involves 
the lower motor neurons or the muscles. On the assump- 
tion that it is of toxic origin, it seems safe to exclude the 
muscles from an essential share in the pathological process. 
We have no facts in pathology suggesting that a poison can 
exist in the blood in sufficient quantity to seriously impair 
the functional activity of the entire muscle system, and this 
without producing any other symptoms, much less that such 
a poison can pick out symmetrical muscles, e.g., the levators 
palpebrarum, to the exclusion of all others. What we know 
of the action of drugs and toxins strongly suggests that if 
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myasthenia gravis is due to a poison, acting selectively, it - 
.produces its effects by acting upon nerve rather than upon 
muscle. ` 

The myasthenic reaction, while it does not enable us ' 
with certainty to fix the lesion upon nerve rather than upon 
muscle, yet lends support to the view that the former is 
involved. On this assumption the motor- fibres end-plate, or 
muscle-fibre may be implicated. The characteristic reaction 
is obtained by faradism, not galvanism. Now faradism 
causes contraction essentially through the nerves ; its power 
. of causing contraction by direct stimulation of the muscles 
is small. The inability of galvanism to cause the exhaustion 
does not help us, since it contracts the muscles both through 
the nervous system and by direct muscle stimulation; this 
inability is doubtless due to the fact that it cannot induce 
tetanus. The crucial test would be to find if, after inducing 
complete myasthenia by faradism, the myasthenic muscles 
respond to galvanism. Such response would afford fairly 
conclusive evidence that the exhaustion was one of the 
motor nerve-fibres or end organs.! 

We have then arrived thus far: the motor end-fibres or 
end-plates are especially involved in myasthenia gravis. Is 
the body of the neuron also involved? We can conceive of 
the toxine acting upon the whole of the lower motor neuron, 
cell-body, axon, and end-plate. It is indeed possible that it 
may act primarily upon the cell-body, the axon being secon- 
darily affected through withdrawal of the normal trophic 
influence emanating from the cell-body. The muscle- 
atrophy and diminished faradic excitability which some- 
times occur prove that the lower motor neuron is, at least 
occasionally, involved. 


! We have, at present, no marked case of myasthenia gravis under observa- 
tion upon which to make this observation. On the suggestion of one of us 
(H. C.), Dr. Farquhar Buzzard kindly undertook the following experiment :— 

In a well-marked case of myasthenia gravis a moderate galvanic current was 
applied to the biceps muscle and a contraction obtained, The muscle 

‚was then faradised until it gave no response to a strong stimulus. Then it 
was tired out by making the patient flex the elbow against resistance, exerted 
until all power of flexion was lest. On applying the same strength of galvanic 
current as used at first an excellent contraction was obtained. Finally, on 
again applying the faradic current, the muscle was found to be still irrespon- 
sive. 
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The fact that discoverable lesions are generally absent 
post mortem is just what we should expect from the symp- 
toms of the disease. Were a permanent organic lesion 
present we should not expect such marked variations in the 
` degree of paresis to occur as characterise the disease— 
complete ability to move the muscles one moment, abso- 
lute paralysis of them a few moments later, or an entire 
disappearance of the symptoms for weeks, months, or years 
together. 

What we know of the action of drugs entirely supports 
the view that function may be profoundly modified by the 
action of chemical substances, without any discoverable 
organic change being wrought. Nothing is more certain 
than that antagonistic poisons may set up a countless 
variety of transient perturbations in the nervous system. 
Witness, e.g., the nervous phenomena observed in dyspepsia, 
and among these it may be observed that lassitude and 
muscular fatigue are not infrequent. 

But while numerous nervous symptoms may result from 
blood-poisoning independently of discernible organic lesion, 
it is a fact that in all cases hitherto known to us of 
paralysis thus resulting, a well-marked lesion is discovered 
post mortem; we allude to such diseases as peripheral 
neuritis and poliomyelitis. And herein lies the patho- 
logical interest of myasthenia gravis. In it we have, we 
would suggest, an instance of a toxic paralysis, lasting 
intermittently for a long period of time, and often termin- 
ating in death, and in which, nevertheless, no discover- 
able lesion is necessarily induced. The wonder is not that 
such cases are rare, but that they are not more frequent. 
Purely functional nervous symptoms of toxic origin, such 
as numbness, tingling, twitching, drowsiness, coma, are 
common enough; why should not purely functional toxic 
paresis be equally common? As a matter of fact, we 
believe that such pareses are not altogether uncommon 
in a very mild form, more especially in connection with 
dyspeptic toxemia. 

What we suggest, then, is this—that in myasthenia 
gravis, a toxin, probably of microbic origin, circulates in 
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the blood, and acts selectively upon the lower motor 
neuron, so as to modify its functional activity. This 
change in functional activity is such that the lower 
neuron soon becomes exhausted by the transmission down 
it of stimuli, whether originating in an act of will or 
started by the faradie current. As to which part of the 
neuron the poison acts primarily upon one can only vaguely 
surmise ; but we lean to the view that it is upon the axon. 
This brings the disease into line with such a disorder as 
diphtheritic neuritis. Imagine an attenuated toxin, such 
as causes this latter disorder, to remain for some time in 
the body, and the effect might be much the same as is 
observed in myasthenia gravis. In the earlier stages of 
the disease no organic changes would be produced, but 
after prolonged action one might expect such changes to 
occur, and be accompanied by atrophy of the muscles and 
diminished faradic excitability. 


DIAGNOSIS. 


The diagnosis in well-marked cases of myasthenia is 
easy. The paresis and speedy fatigue of voluntary muscles 
on exertion, the myasthenic reaction, the absence of muscu- 
lar atrophy and of fibrillary tremors, of objective sensory 
disturbance,.trophic changes and sphincter affection, together 
with the remarkable variations in the intensity of the symp- 
toms—form a distinct clinical picture. 

A diagnosis can often be made at first glance from the 
facial expression, the ptosis, and nasal speech. 

The diseases most liable to be confounded with myas- 
thenia gravis are hysteria, bulbar palsy, polioencephalitis, 
the muscular distrophies, amyotrophic lateral sclerosis and 
general asthenia. 

No doubt in hysteria and neurasthenia ready fatigue 
after exertion is met with, while the variations in the symp- 
toms, the presence of ptosis, difficulty in swallowing, and 
attacks of breathlessness, all occur. In such cases absence 
of a nervous heredity and hysterical manifestations, the 
‚ absence of sensory symptoms and the presence of the 
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myasthenic reaction, should ‘enable a diagnosis to be 
arrived at. 

Cases undoubtedly occur in which the diagnosis is very 
difficult. 

-A case recently seen by one of us illustrates the difficulty 
which may arise in diagnosing early cases. ‘The patient was 
a young married woman, who for three years (since her last 
confinement) had suffered from general muscular weakness. 
When first seen, after ascending a long flight of stairs, she 
was much exhausted and very breathless, speech was some- 
what nasal in character, and she had slight double ptosis. 
She complained of general exhaustion after any slight exer- 
tion, had had definite diplopia on several occasions, and said 
she had been very anæmic ever since her confinement. No 
weakness in the jaws or trouble with deglutition existed, 
and although the symptoms were very suggestive the facts 
did not justify a certain diagnosis, especially in the presence 
of a marked anemia. 

In the myopathies fatigue after exertion is often com- 
plained of. We have already seen that the facial appearance 
is very similar to that seen in the Landouzy-Dejerine form 
of myopathy. The waddling gait and the tendency for the 
paresis to affect the proximal ‘muscles of the extremities are 
other points of similarity; but, as Oppenheim (58) remarks, 
the resemblance is superficial only, for it is only in myo- 
pathie patients, who show the fatigue phenomenon, and 
those in whom the muscles are only slightly wasted, that 
any confusion is likely to arise (Jolly, 58). Toby Cohn (58) 
argues from Laquer’s case, in which muscular atrophy de- 
veloped, that the relation to the myopathies is closer than 
would appear at first sight. . 

Wernicke’s case (16) was diagnosed at first as one of 
amyotrophic lateral sclerosis with bulbar symptoms, the 
absence of muscular atrophy being specially remarked upon. 

From bulbar palsy the disease distinguishes itself by the’ 
presence of ptosis, upper facial weakness, paresis of the jaw 
and neck muscles and of the extremities, and by the myas- 
thenic reaction. The variation in intensity of the symptoms 
is a diagnostic point of great importance. 
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Lastly, the differentiation from polioencephalitis has to 
be considered. Here the diagnosis may be extremely diffi- 
cult. The mode of onset, absence of muscular wasting, and 
above all the variability of the symptoms, are points to 
which especial attention must be directed. 


PROGNOSIS. : 


Of sixty recorded cases twenty-three ended fatally. 

The average duration of life of the fatal cases was aboyt 
a year and a half after the development of the first symptoms. 

These figures probably give an exaggerated impression 
as to the fatality of the disease. 

In one case, that of Widal and Marinesco (33), death 
occurred fourteen days after the first symptoms were mani- 
fested. In Dreschfeld’s case (14) the patient lived fifteen 
years. 

That cases improve in a remarkable way and remain 
free from symptoms for months, or even years, is certain. . 
That complete recovery sometimes takes place is probable. 
Goldflam (9) described his cases as belonging to “a curable 
form of bulbar paralysis.” In one of Erb’s cases (2) the 
patient was in good health four years after his symptoms 
had disappeared. In some cases the disease lasts a number 
of years. 

Involvement of the respiratory muscles, with consequent 
attacks of dyspnoea, is a symptom of the gravest significance, 
and the patient’s friends should be warned, that death may 
occur suddenly during one of these attacks. 

Any pulmonary disorder, whether chronic or acute, is to 
be considered as of very serious import. 


TREATMENT. 


No specific treatment is known for the disease. The 
patient must be enjoined to take as much rest as possible, 
and in severe cases should be confined to bed. 

Excitement of every sort is to be avoided, inasmuch_as 
the symptoms are much increased by it. 
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Since cold appears, in some cases at least, to ag ggravate 
the disease, attention should be paid to the patient’s clothing. 
Cold baths are to be avoided. The patient’s whole life is to 
be regulated so as to avoid muscular fatigue. 

The diet should be nutritious, and if there is any diffi- 
culty either ih deglutition or mastication, the food is to be 
carefully chopped, to obviate the necessity for chewing, and 
to avoid, as far as possible, the risk of choking. 

In the event of the necessity arising for using the 
stomach tube, the greatest care must be taken, for, as in 
other forms of bulbar palsy, the procedure is not unattended 
with risk ; indeed, in a case reported by Oppenheim, a fatal 
result followed the passage of the tube. 

As to drugs, little cen be said. Erb and Goldflam’s 
cases were treated with iodide of potassium and mercury, 
but there is no evidence to show that this treatment actually 
has a beneficial effect. 

Strychnine was emp-oyed by Strümpell (24) in large 
doses without result. In Buzzard’s cases hypodermic in- 
jections of strychnine up to one-sixth of a grain in the 
twenty-four hours were given without benefit. 

Faradism, galvanism, and massage were all given an 
extended trial in Buzzard’s male case. Faradism appeared 
to do harm, the patient feeling weaker as the result of the 
treatment, while galvanism and massage did no good. Gal- 
vanism to the spine has been recommended by Erb (2) and 
Goldflam (13), but appeared to have no positive value in the 
case already referred to. 

Suprarenal extract was also ineffectual. Under thyroid 
tabloids, together with a daily injection of five minims of 
solution of strychnine, tae patient Improved so much that 
after six weeks he felt almost well. The improvement 
began on the day the thyroid was commenced, but it is 
quite possible that suggestion may have accounted for the 
success which attended this line of treatment; the case 
relapsed while still taking the tabloids. 

In another case thyrcid extract was given without benefit. 

Tron and arsenic appear to be of use as general tonics, 
although they have no specific action upon the disease. 
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Norss or Srixry REPORTED Cases or MYASTHENIA Gravis. 


- Case 1, Wilks (1).—A stout girl, looking well, came to the 
hospital on account of general weakness; she could scarcely walk 
or move about, she spoke slowly and had slight strabismus. 
She remained in this state about a month, being neither better 
nor worse; every movement of her limbs and her speech were 
performed so slowly and deliberately that the casp seemed rather 
one of lethargy from want of will than an actual paralysis. 

At the end of this period the symptoms became aggravated, 
and in about three days they had assumed all the well-marked 
characters of bulbar paralysis. She spoke most indistinctly, 
swallowed with great difficulty, and was quite unable to cough. 
The limbs were, however, not paralysed, she was able to get out 
of bed. It was shortly afterwards seen that her respiration was 
becoming affected, the difficulty of which rapidly increased and 
in a few hours she died. 

The medulla oblongata was very carefully examined and no 
disease was found. It appeared quite healthy to the naked eye, 
and the microscope discovered nothing abnormal. 


Case 2, Erb (2).—Man, aged 55. Illness developed slowly 
with pains in the nape of the neck; after four months he 
could not hold his head up; the muscles of mastication were 
weak, and he had double ptosis. Thereupon ensued weakness 
in the tongue and difficulty in swallowing ; the mouth was kept 
open. There was atrophy of the neck muscles and trapezii, and 
slight diminution in the response to faradism in the trapezii, 
masseters and splenii. There was a high degree of auditory 
hyperesthesia on the left side. Decided improvement occurred 
after a six months’ course of galvanism. He could hold his 
head up, swallow well, and masticate much better. After a few 
months he became well, though he still had occasional weakness 
in the arms. 


Case 3, Erb (2).—A peasant woman, aged 30, was seen 
on October 30, 1870. For nine weeks she had had slight 
twitchings in the face, diplopia and ptosis; later, difficulty in 
mastication, stiffness in jaws, much headache and giddiness 
developed; recently, she has suffered from palpitation and 
weakness in the limbs. She has had blinking of the eyes and 
twitchings about the mouth for a month. 

State—The eyes are half closed, the. movements of the eye- 
balls are very defective, there is no diplopia, she has difficulty in 
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opening and closing the mouth, the mouth is constantly open, 
and there is some stiffness and weakness of the facial muscles. 
A feeling of weakness exisis without actual loss of power in the 
lower extremities. She has some left auditory hyperssthesia. 

November 4.—The symptoms are worse. She complains 
of difficulty in swallowing, and of a profuse salivary flow. 

November 10.—There is improvement ir the eye muscles and 
muscles of mastication. She says that for .any weeks the head 
has felt heavy and she has had difficulty a holding it up, while 
there has been a feeling cf weakness in the posterior cervical 
muscles. 

December 22.—Great improvement. 

January 17, 1891.—She is slightly worse. The tongue 
appears atrophied. During the next month fluctuations in the 
severity of the symptoms occurred. 

July, 1891.—Is much worse again. She now has ptosis, 
diplopia, difficulty in mastication, and atrophy of the masseters. 
The movements of the soft palate are sluggish ; speech is nasal ; 
utterance difficult; the voice is weak, especially after lengthy 
speech. There are great weakness and fatigue in the legs ; she 
has frequent palpitation. Pulse 100. 

Improvement again occurred, but later she became worse and 
died suddenly on the night of April 24, the illness having lasted 
eight months. There was no post mortem. 


Case 4, Erb (2).—A merchant, aged 47, was seen on 
July 11, 1871. During the last year he had suffered from pain 
in the occiput, and stiffness and weakness in nape of neck. Since 
April last he has had sharp pains in head and nape of neck, 
vertigo and occasional dimness of vision. Towards the end of 
May weakness in the arms and legs compelled him to remain 
in bed; he could with difficulty hold his head up. In June he 
developed double ptosis and was very sleepless ; during the last 
few weeks has been better. 

Present condition.—A powerful man. He has slight paralysis 
of the upper face, he cannot wrinkle the forehead well and there 
is slight twitching of frontalis. The head is bent forward. The 
right side of the palate is weak; swallowing is unaffected, but 
there is occasional fatigue of masticatory muscles. Walking soon 
causes fatigue, while vertigo and dimness of vision occur after 
walking much. 

No improvement followed fourteen applications of galvanism. 


Case 5, Erb (2).—A male, aged 48. His previous health 
was good. Six months ago the lips felt stiff, and he had 
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headache and diplopia. Three weeks later he had pain in the 
neck and the head fell forward, later there was difficulty in 
chewing and swallowing. Pain and weakness in arms and legs, 
giddiness and ringing in the ears developed. The voice became 
hoarse and the movements of the tongue difficult, while ptosis 
developed. 

Present condition.—He has difficulty in speaking, chewing 
and swallowing. The pupils react normally, the extrinsic eye 
muscles are unaffected. There is weakness in the right arm, and 
fatigue is easily produced. He has severe pains in both arms 
and legs at times. Fibrillary twitchings are seen in the tongue, 
which is slightly atrophied. 

The patient went out of the Klinik much improved after fifty- 
two applications of the galvanic current. 


Case 6, Risenlohr (4).—A girl, aged 18. As a child she had 
suffered from megrim: This was occasionally accompanied by 
ptosis. ` Two years ago she developed sudden diplopia, which dis- 
appeared after a three months’ course ‘of iodide, but returned in 
the summer of 1885; sometimes chiefly on one side, sometimes 
on the other. In July, 1886, after an attack of megrim, she had 
weakness of both hands. In August there developed slight 
weakness of the legs, breathlessness-on quick movement, and 

. difficulty in swallowing, chiefly at midday and in. the evening, 
also weakness of cervical and masticatory muscles. All these 
symptoms varied in severity even in the space of a single day. 

August 16.—The patient was examined. She has ptosis, 
chiefly left-sided, with little movement of the eyes; can only 
close the eyes feebly; there is double facial weakness and little 
movement of. the soft palate; she can only swallow small 
quantities of fluids, which readily regurgitate through the nose ; 
she has great difficulty in moving the head; the respiratory 
movements are defective and the cough is weak ; there is paralysis 
of all four extremities ; swallowing is easy in the morning, diff- 
cult iù the evening, and movements of tongue are fatiguing. 
Respiration is superficial ; pulse frequent. f $ 

August 18.—Palpitation; pulse 140; frequent respirations 
with fruitless efforts to expectorate accumulation of mucus, &c., 
from the throat. 

August 21.—The diaphragm is almost entirely paralysed. 
Death. 

Post mortem. — The cortex cerebri was not examined. Hyper- 
æmia with small recent ante-mortem extravasations was found 
in the medulla, numerous small but not degenerated fibres 
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(fasern) in the roots of the hypoglossal vagus and accessorius 
were observed. 


Case 7, Oppenheim (5).—A maidservant, aged 29, seen February, 
1885. Nine months ago she noticed weakness in the hands, which 
gradually increased and involved the legs also. For the last four 
weeks she has noticed fatigue during speaking and has often 
to pause, also weakness of lips and difficulty in swallowing. 

Present condition.—There is little movement of the facial 
muscles during speech; voluntary movement of the lower face 
is very defective ; there is weakness in opening and closing the 
jaws; mastication rapidly causes fatigue; she cannot move the 
lower jaw laterally; there is defective movement of the soft 
palate during phonation; there is tremor of the tongue with 
defective movement; speech is nasal. She cannot cry out; in- 
spiratory movements are defective ; she complains of breathless- 
ness; there is great weakness in arms and in the abdominal 
muscles ; she says that the degree of weakness in the extremities 
varies greatly from time to time. Sight is normal. There is no 
muscular atrophy, no elestrical change, but the deltoid and 
biceps require unusually strong currents to excite contraction. 

June, 1885.—Manifest dyspnea. In the following month 
attacks of difficulty in swallowing and speaking developed. 

August, 1885.—She has weakness in the orbicularis palpe- 
brarum, and attacks of dyspnma; the paralysis is increasing 
with slight remissions. 

January, 1886.—She complains of pains in nape of neck, 
occasionally in the extremities and face. 

May, 1886.—There is increased weakness in extremities, she 
can scarcely hold her head up. 

September, 1886.—She died in a dyspneic attack with 
pneumonia. 


Case 8, Lauriston E. Shaw (6).—A baker, aged 37. He had 
enjoyed good health until the present illness. Six months ago 
he had a severe attack of diarrhea lasting a fortnight. Ever 
since then he had had a -eeling of weakness, especially in the 
muscles of mastication, the arms, and to a less extent, in the 
legs. After this difficulty in articulation and swallowing super- 
vened. The weakness was slight in the morning and increased 
as the day advanced. He nas had two attacks of dyspnoea with- 
in the last fortnight; there has been a copious secretion of frothy 
mucus with difficulty of expectoration. 

Admitted, February 12, 1887.—He can barely stand ; he says 
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he often falls down. The soft palate is normal. The mouth is 
constantly held slightly open. There is loss of power in the 
lower facial muscles. The naso-labial fold is obliterated, causing 
‘a vacant expression. There is some difficulty in protruding 
tongue; the masseters are weak; he cannot hold a pipe either 
with the lips or teeth ; has difficulty in swallowing and occasional 
diplopia; the tendon reflexes are brisk; spurious ankle clonus 
is present on the right side ; the cremasteric and plantar reflexes 
are normal, the abdominal and epigastric absent. The mental 
condition is good; he has perfect control over the bladder and 
rectum. 

He died shortly after admission from dyspnea, apparently 
resulting from paralysis of the muscles of respiration. 

Post mortem.—Pons, medulla, and cord were examined by 
Dr. Newton Pitt, and nothing abnormal discovered. 


Case 9, Bernhardt (7).—A joiner, aged 44. In August, 1886, he 
first complained of fatigue and weakness in the eyes, later he had 
diplopia. 

Present condition.—November, 1886. There is double ptosis, 
on the right side chiefly; the left external rectus is paralysed. 
After chewing for a short time he cannot close jaws. Under 
potassium iodide and galvanism he was dismissed cured in Feb- 
ruary, 1887, and continued well till 1890. 

July, 1890.—The head falls forward on chest, chewing and 
swallowing are difficult, and speech soon becomes nasal; the lips 
are fatigued after continued speech, and work easily exhausts 
him. Movements of the arms are difficult; there is slight right 
ptosis; the electrical reactions are normal, but there is slight 
quantitative diminution in the neck muscles. 

September, 1890.—He has dyspnoea on walking quickly, or on 
mounting steps. The right vocal cord moves less readily than the 
left. He improved under potassium iodide and electrical treat- 
ment. i 

1890.—Sudden death occurred. No post mortem was allowed. 


Case 10, Jolly (8).—A tanner's apprentice, aged 15, was 
admitted on August 19, 1890. The family history was unim- 
portant. He had suffered from middle ear disease for a few 
years, and had had no other illness of importance. His present 
trouble began eight months ago with weakness in the legs ; later, 
weakness in the arms, difficulty in speaking, giddiness, and pain 
in the neck and sacrum developed. After walking a short dis- 
tance he requires support to prevent him falling. He has double 
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ptosis; fatigue soon develcps after whistling, speaking, chewing, 
or swallowing; the eye mcvements are good. The knee-jerks are 
somewhat increased. The-e are no qualitative electrical changes, 
but the quantitative estimation is peculiar, the muscles at first 
respond well, but if the same muscle is stimulated repeatedly so 
that a tetanic contractior. is produced, the contraction of the 
muscle gradually becomes weaker until it is only elicited by 
very strong c@rrents—in cther words, the reaction of fatigue is 
present. i 

The patient died suddanly on March 18 while eating, a piece 
of food sticking in his throat. At the- autopsy nothing abnormal 
was found either in the nervous system or muscles. 


Case 11, Jolly (8).—A boy, aged 14, who had been strong 
and healthy until the summer of 1893. At that time (one 
and a half years ago), while at school he noticed that he could 
not see the black-board properly, for he was unable to keep his 
eyes open, the eyelids drooping if he looked at an object for any 
length of time. After a rest, and particularly in the morning, 
this was not the case. Leter, tiredness of the legs, also of the 
arms, of the neck and lip muscles, appeared. While eating he 
had to stop frequently because he could not go on chewing. If 
he read aloud, speech kecame indistinct, reminding one of 
general paralysis; there was no affection of.the tongue or of 
swallowing. All voluntary muscle was readily exhausted, and 
also the exhaustion of one group of muscles was seen to produce 
fatigue in others; if, for example, the legs are tired, then the 
arms become fatigued, though not to the same degree. 


Case 12, Senator (10). (Doubtful case.)—A workman, aged 
41. Twenty years previously he had an ulcer on the penis 
and swelling of glands; no other evidence pointing to syphilis. 
Been feverish for nine weeks and had a slight cough, rigors, 
heats, sweats, and nasal speech. On the night of November 27 
and 28 he had difficulty in swallowing and speaking, tongue was 
immobile, and there was little power of moving the jaws, a fixed 
expression, and the eyes seemed large. November 29 he could 
not move his right arm, thare was a tendency to walk to the. left 
and. he drags the right leg. 

Present condition. He cannot speak; pulse 64; respiration 
28. He can only move the right arm slightly; the right leg is 
paralytic; the plantar and patellar reflexes are active; rather 
more on the right side. There is paralysis of all the muscles 
supplied by the facial nuzlei; laughing and whistling are im- 
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possible. He cannot close his eyes properly. He keeps the 
mouth half open and cannot powerfully close it. The lateral: 
movements of the jaw are unaffected; the tongue is motionless ; 
he has great difficulty in swallowing; the electrical reactions are 
normal, but the left facial muscles require a stronger current than 
the right. Involuntary twitchings of the mouth occur; there 
is diminished movement of the soft palate; the eyeballs are 
prominent, A 

The condition gradually improved with slight fluetuations till 
February, 1885, when he got worse. Death occurred from ex- 
haustion in March, four months after beginning. 

Post mortem.—A microscopical examination of the base of the 
brain, cord, peripheric nerves and muscles, revealed nothing _ 
morbid. i 

Case 13, Senator (10). (Doubtful case.)—A woman, aged 
36. She is very anemic and is suffering from sarcomata of the 
ribs. She developed in the course of the illness a nervous 
affection, pains in the head, back, and lower extremities, together 
with a feeling of fatigue. At this time albumosuria was first 
detected. She complained of difficulty in swallowing; she said 
that her chin felt as if it were dead and “did not belong to her.” 
It was found to be quite anesthetic. The tongue was almost 
completely paralysed; it was not atrophied, though fibrillary 
twitchings often seemed to occur about the middle of the tongue. 
The pulse rate was increased. The electrical reactions in the 
face and lower limbs were normal ; in the tongue excitability was 
diminished. Death occurred somewhat suddenly. 

At the post mortem multiple sarcomata of the ribs, double 
fibrinous pleurisy and chronic parenchymatous kidneys with 
waxy change; neither in the brain nor medulla was anything 
found to account for the condition. 

The severe anssmia, Senator thinks, may have produced the 
symptoms by acting upon an imperfectly developed nervous 
system. Senator remarks that nervous symptoms have been 
present in several cases of multiple myeloma, e.g., in Stockvis’s 
case there was defective speech and swallowing, together with 


salivation, paralysis of the facial and trigeminus nerves, and 
paraplegia. 


Case 14, Hoppe (11).—A blacksmith, aged 40, family history 
good, no syphilis. The illness began by double ptosis, followed 
by weakness of the muscles of mastication, and difficulty of 
speech and swallowing. Examination showed paralysis of the 
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right internal rectus and left superior rectus, the upper and 
lower part of the facial; great weakness of the masticatory 
muscles; little movement of the soft palate, paralysis of 
adductors and abductors of vocal cords; great weakness of the 
extremities, 

The electrical reactions were normal, and there was no 
muscle atrophy. 

The patignt died, and no pathological lesion was found post 
mortem. i 


Case 15, Remak (12).—A girl, aged 12. She had influenza in 
February, 1890, with suppuration of the left ear. In July it was 
noticed that the eyes did not close during sleep, and speech was 
often indistinct. In September she complained of diffculty of 
swallowing. She had a äxed facial expression, the tongue was 
weak and the soft palate sluggish. Speech was nasal and in- 
distinct, and after speakirg a little while she could not articulate 
at all because of weakness in the tongue and lips. The difficulty 
in speech and swallowirg improved under galvanic treatment. 
She had difficulty in getting up expectoration, and often 
dyspnea. - 

October 6.—There is slight tremor of tongue, she cannot 
raise the tip. 

October 16.—She has slight weakness of the arms. 

October 21.—Pulse 120. Severe dyspnoea in consequence of 
weakness of the respiratory muscles; swallowing is impossible. 

November 5.—Intenss dyspnea; death. No post mortem. 


Case 16, Goldflam (13).—A male, aged 25, house-servant, 
was seen on December 22, 1891. His illness began suddenly 
seven weeks ago, with hsadache, giddiness and limitation of the 
movements of the head. A week later disturbance of speech and 
swallowing set in, followed by weakness in the arms—a few days 
later in the legs. Recently he has had severe pains in the 
shoulder and sacrum. There is no history of syphilis or alcohol. 

Present state—A fairly well-developed man; his speech is 
nasal. There is very little mobility of the soft palate; the 
pharyngeal and laryngeal reflexes are markedly diminished; 
swallowing is difficult ; fluids frequently regurgitate through the 
nose; mastication is fatiguing. The lateral movements of the 
lower jaw are feeble, he cannot open the mouth widely; the 
tongue movements are good ; lagophthalmos is present, greater on 
the right side; the conjunctival reflexes are diminished; the 
pupils react well; the neck muscles, sterno-mastoids, and trapezii 
are weak. : 
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The patient cannot lift his hands up to the horizontal. The 
respiratory excursions are feeble.. He does not complain of 
dyspnea. The legs are feeble. The deep reflexes increased. 
There is no ankle clonus and no atrophy or fibrillary twitchings, 
while the electrical excitability of the muscles is normal. There 
is no affection of bladder, rectum or sensation. 

January 9, 1892.—The abdominal muscles are feeble. The 
knee-jerks are poor and more difficult to elicit the longer one tries. 

January 25.—The patient feels weakest after sleep, after a few 
movements he is better. In blowing the nose air comes through 
the mouth. 

February 8.—The knee-jerks become feebler the longer the 
tendon is struck, that on the right side finally disappearing. 

February 10.—It is especially the large muscles near the 
trunk which are affected. Tiring of the extremities diminishes 
the power in the others. 

January 4, 1893.—He remains now practically well. 

Treatment.—Galvanic stream to the spinal cord. Potassium 
iodide, iron and arsenic internally. 


Case 17, Goldflam (13).—A male, aged 25, was seen in 
April, 1892. Ten years ago he had typhoid, which lasted three 
months. A mental affection followed. He refused to take food, 
was morbidly shy and tried to commit suicide. The present 
illness began four months ago, without observable cause, with 
weakness in the arms and legs. These symptoms developed in 
the course of two weeks. Shortly after he had difficulty in 
chewing. The neck muscles became affected, and giddiness 
developed. A month ago he had a very bad attack of dyspnea 
and general loss of power of movement. 

State.—A well-developed man. There is paresis of the lower 
face; he cannot whistle. He can shut the eyes well; the tongue 
and palate act normally. Chewing is difficult. There are no 
psychical disturbances ; patient is, however, anxious about his 
condition. The neck muscles are feeble; the deltoid and upper 
arm muscles are most affected, while in the lower extremities the 
flexors and extensors of the hip are chiefly involved. The tiring 
of one extremity appears to have no influence upon the others. 
The deep reflexes are increased ; there is slight ankle-elonus. The 
muscles all react normally to electricity. The symptoms vary 
from day to day. 

July 1.—The deep reflexes are somewhat difficult to obtain. 

March-16, 1893.—The patient is now almost well. He has 
had two relapses, both brought on by a fright. 
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May, 1894.—The patient only remainéd well for six months; 
the symptoms are again present. 


Case 18, Goldflam (13).—Governess, aged 22, was seen on 
April 13, 1892. With the exception of anemia and headache, 
especially during the last winter, she has always been healthy. 
The present trouble began three weeks ago without discoverable 
cause, with headache, photophobia, trembling in the eyelids, and 
diplopia. A week later she had a feeling of oppression, then of 
weakness and heaviness in arms and legs; later still, right-sided 
ptosis and difficulty in chewing, the jaw tended to fall down and 
had to be supported by the hand. Fluids came through the nose. 
The voice became nasal. There were no signs of hysteria. -The 
patient’s father died of a brain tumour; her mother had a con- 
genital divergent strabismus. 

State-——A fairly well-developed, rather pale girl; internal 
organs normal ; pulse 90. Except for the right-sided ptosis, the 
eyes are normal. There is lower facial weakness and paresis of 
the palate, its reflex excitability being diminished. The tongue is 
somewhat thin, but its mobility is normal. Speech nasal, and 
chewing difficult. The movements of the head are weak. The 
head tends to fall forward. The deltoid appears to be the weakest 
muscle of the arms. There is very little weakness in the lower 
extremities. The electrical excitability of the muscles is normal. 
The deep reflexes are very active. She suffers from attacks of 
dyspnea. 

May 2.—Swallowing is difficult. 

September 20.—She is much better; the nasal voice is still 
present, but no other symptoms of the disease. 


Case 19, Dreschfeld (14).—A widow, aged 36. Fifteen years 
ago she developed sudden double ptosis, but completely re- 
covered in six months. Ten years ago she had a second attack 
of ptosis with diplopia, followed by difficulty in speaking and 
swallowing, and weakness in the arms; she had to stop eating 
frequently because her jaws ached ; she could not properly open . 
her mouth to protrude the tongue, and she lost the power of 
whistling. The eye symptoms improved, but about nine months 
afterwards she suddenly became worse and was admitted. 

On admission.—The intrinsic ocular muscles are normal; she 
has ptosis, and the extrinsic muscles supplied by third nerves 
are neatly completely paralysed ; while the fourth and sixth on 
both sides are completely paralysed; the masseters, pterygoids 
and temporals are much weakened; she cannot close the eyes, 
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wrinkle the forehead, or frown, press the lips together, smile or 
whistle. i 

The movements of the tongue are very limited, it is some- 
what atrophied ; the depressors of the hyoid are weak ; the soft 
palate is paralysed, there is no palatal reflex ; there is difficulty 
of swallowing; great difficulty in clearing fauces and posterior 
nares of saliva and mucus. Difficulty in articulation; the 
laryngeal abductors are weak; the sterno-mastoids and trapezii 
are somewhat atrophied; the diaphragm acts’ slightly; the 
deltoids are atrophied and paralysed; there are no fibrillary 
twitchings; pulse 180; the wrist and triceps reflexes are 
markedly increased. The facial muscles show no reaction of 
degeneration. 

November 22.—The patient is much worse ; she is markedly 
cyanosed, the respirations are spasmodic and dyspnoea is great ; 
swallowing is impossible, and there is no longer true articulation ; 
the patient can only produce a faint grunt. The pulse is at times 
intermittent, weak and thread-like. During the night the 
breathing became much more laboured, the temperature rose to 
99:5, and the patient gradually sank and died. 

Post mortem.—Careful microscopic examination revealed 
nothing. The muscles were not microscopically examined. 


Case 20, Suckling (15).—A barmaid, aged 21, complained 
of great general weakness. A brother has epilepsy, a sister 
paralysis. The patient’s illness commenced three years ago with 
weakness in the arms and later in the legs. She attributes her 
illness to overwork. Eighteen months ago, while singing, her 
tongue became paralysed and she could not articulate distinctly. 
Twelve months ago she had difficulty in swallowing and liquids 
came down her nose. Five months ago she began to have 
suffocative attacks. There is no history of diphtheria. 

Siate.—There is slight double ptosis, the eye movements are 
sluggish and restricted in all directions, especially upwards. 
The right eye cannot be turned up at all and forced movements 
in any direction are attended with nystagmus ; diplopia is present 
at times, the pupils and discs are normal. She could not close 
her eyes tightly and fibrillary tremor of the ocularis muscle 
occurred when she tried to do so. The tongue is weak, and 
speech indistinct. There is difficulty in swallowing ; no paralysis 
of the soft palate could be discovered. The palatal reflex is 
present; mastication is impaired. The arms cannot be lifted 
from the shoulders, the deltoids are large and all the other 
muscles normally developed; there are no sensory changes, no 
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exaggeration of the reflexes and no electrical changes. The 
spinal muscles are weak, she is unable to sit up; when lying 
down she cannot get up at all without assistance; the legs are 
very weak, she cannot lift them off the bed. The gait is slightly 
waddling, and she would fall if not supported. The knee-jerks 
are a little increased, no ankle clonus, plantars absent. There 
are no sensory changes. The feet and hands are blue. The 
patient cannolie down in bed, as she dreads an attack of suffo- 
cation. An attempt to examine the throat brings on inspiratory 
stridor and cyanosis to such an extent that the patient seems to 
suffocate. There are no hysterical symptoms. She remained 
under observation three months, when she was in statu quo. 


Case 21, Suckling (15).—A female, aged 18, with a 
neurotic family history. Her illness is attributed to exhaustion, 
and commenced gradually three years ago. She is unable to 
walk more than a hundred yards without becoming exhausted. 
The arms are weak and the grasp feeble. She cannot hold her 
arms out or place them on her head. There is slight ptosis, 
squinting, and diplopia at times. The movements of the eyeballs 
are restricted in all directions. Nystagmus is present. The 
knee reflexes are a little increased, there is no ankle clonus. 
There are no electrical changes. She complains of difficulty in 
swallowing and mastication. After mastication the jaw drops, 
she has difficulty in articulation. She is slightly choreic, has 
no suffocative attacks, and there are no hysterical symptoms. 


Case 22, Wernicke (16).—A female, aged 16, admitted 
June 16, 1893, with the following symptoms: Ophthalmoplegia 
externa, incomplete double ptosis, bilateral facial weakness, 
upper and lower. Paresis of motor fifth and of muscles of de- 
glutition; only fluids can be swallowed and they occasionally 
come through the nose. No affection of the tongue or speech. 
Paresis to a marked degree of both neck and shoulder muscles. 
Upper arm, forearm and hand weak, but she can use them still. 
Thigh muscles slightly stiff, otherwise the legs are not affected. 
Her illness developed gradually four months ago with slight 
temporal headache. The electrical excitability of the muscles 
is intact although in a few muscles quantitatively slightly 
diminished. The tetanic induction stream produces instead of 
a lasting only a temporary muscular contraction. The doubt- 
ful diagnosis was amyotrophic lateral sclerosis with bulbar 
complications. : 

July 17, 1893.—She was admitted to Clinik of Professor 
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Mendel. She now has palate, tongue and jaw weakness, and 
ansesthesia of the pharynx and larynx. 

Sixteen days after admission the patient died suddenly of 
asphyxia. The autopsy was negative; the only change being 
considerable vascular dilatation, particularly in the Hirnstan, and 
numerous recent hemorrhages. 


Case 23, Mayer (18).—A patient suffering from difficulty in 
speaking and swallowing, weakness of the jaws, bilateral ptosis, 
paresis of extremities, and abnormal fatigability ; the symptoms 
were worse towards evening and after exertion. There was no 
atrophy and no disturbance of the reflexes. Temporary improve- 
ment was followed by sudden death by choking. 

Post mortem.—It was found that the cells of the hypoglossal 
nucleus, with the exception of a small number which were vaseuo- 
lated, were completely normal, as were the cells of the anterior 
horns and pyramidal tracts. On the contrary, there was a marked 
pathological change in the intra-medullary portion of the anterior 
roots, also in the hypoglossal root, particularly distinctly seen in 
Marchi preparations, such preparations showing all along the 
anterior roots, as also in places on the hypoglossal root, stripes 
and flakes of dark myelin. The intra-medullary parts of the 
anterior roots, as well as of the hypoglossal root, appear distinctly 
atrophic, when the nerve sheath stain (Markscheiden färbung) 
is used. 


Case 24, Strümpell (24).—A female, a field-worker by occupa- 
tion, aged 21. Admitted December 30,1893. Ten months ago she 
began to have difficulty in speaking and in raising the upper eye- 
lids; six months ago she noticed weakness in the arms after 
working in the fields, and in the legs after walking, also difficulty 
in swallowing and chewing, and double vision. 

Present state.-—There are bilateral ptosis, weakness of the face 
and jaw muscles, and weakness of the extremities without atrophy. - 
Speech is indistinct, the letters b, d, g, j, m, n, s, are especially 
badly pronounced. Sensation and the sphincters are normal; the 
reflexes are normal and could not be exhausted, although after re- 
peated tapping the knee-jerks seem to diminish slightly in activity, 
great exhaustion is rapidly produced and amounts to almost com- 
plete paralysis of nearly all the muscles. She was worse at the 
menstrual periods. From January, 1894, until she died she had 
almost daily severe attacks, during which, if walking, she would 
fall suddenly to the ground, become eyanosed and breathless. 
Respiration became noisy, sputum accumulated in the mouth, 
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she could neither spit it out nor swallow it; the tongue sank back ; 
if in bed she ‘would sit up with her head bent forwards, saliva 
flowing out of the mouth. The arms when raised fell flaccid by 
her side, the extremities were cold. She developed a catarrhal 
pneumonia, and died suddenly during one of these attacks. 

A post mortem was made, the medullary nuclei being particu- 
larly examined, and no changes were found.. 


Case 25, Mukri (25).—A patient suffering from severe bulbar 
symptoms, characterised by a tendency to improvement. The 
disease has lasted for ten years; the myasthenic reaction is 
present, and the early exhaustion after exercise. In this case, 
even when complete exhaustion was produced in the muscle by 
an undue current, the muscle can be readily contracted, volun- 
tarily (and the reverse). 


Case 26, Charcot and Marinesco (22).—A boy, aged 13, suffering 
from complete ophthalmoplegia externa, complete paralysis of the 
lower, incomplete of the upper, extremities, trunk and face. 
Death occurred after three months with bulbar phenomena. The 
symptoms developed in the order above mentioned. There is no 
affection of sensation nor of the sphincters, and no mental change. 
There is no affection of the internal organs except an enlargement 
of the thyroid gland. There are no qualitative electrical changes, 
but in some muscles there is diminished excitability both to the 
galvanic and faradic currents, ' 

Post mortem.—Some recent hemorrhages were found beside 
the aqueduct of Sylvius, and some others, but less pronounced, 
at the level of the ventral nucleus of the vagus. No other 
changes were met with in the central or peripheral nervous 
systems. 


Case 27, Pineles (23).—A male, aged 25. No eetiological factors 
were discoverable. The onset of the disease was sudden, with 
headache, giddiness, diplopia, and right-sided ptosis. l 

In July, 1893, he had difficulty in chewing and swallowing, 
nasal and indistinct speech, weakness in the arms and legs, and 
attacks of dyspnæœa and palpitation. All these symptoms de- 
veloped within a few weeks, and were most marked towards 
evening. The mental state and sensation were normal; there 
were no hysterical stigmata. There were no electrical changes 
and no atrophy. The knee-jerks were somewhat active; the 
palate reflex was present. 

Pineles records two other cases which ended fatally after one 
and a half and two years respectively, death being due in each 
case to an attack of dyspnea. 
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Case 28, Collins (26).—A woman, aged 27, the mother of two 
healthy children. Three years ago, when six months pregnant, 
she complained of weakness of the extremities, and soon after 
left-sided ptosis and diplopia developed, the ptosis disappearing 
after two or three months. Ptosis of the other eye then appeared, 
lasting for two months. Following this there developed difficulty 
in articulating, fatigue on chewing food with difficulty in swallow- 
ing and in moving the tongue, with almost complete inability to 
move the extremities. On first attempting to talk speech is fairly 
distinct, but soon the tongue becomes heavy, the lips unwieldy, 
the voice hoarse, weak and nasal. Fluids regurgitate through 
` the nose on swallowing. The weakness is sometimes greatest in 
the extremities, at others in the muscles supplied by the cranial 
nerves. The intrinsic muscles of the eye are normal. Attacks 
of distressing tachycardia and paroxysmal dyspnoea occurred. 

These symptoms improved, but she relapsed three months 
ago. She wakened one morning with paralysis of one side of the 
face which lasted three days. Since then gradual improvement 
has occurred. She can now walk provided she does not overtax 
her strength. She cannot tightly squeeze her eyelids together, 
she cannot hold her lips firmly together, the tongue is weak (not 
atrophic), the voice nasal, labials are imperfectly pronounced ; 
the arms easily tire. , 

The reflexes at first appear normal, but after striking the 
patellar tendon several times the response gets less and less, 
finally ceasing to reappear after rest. There is no reaction of 
degeneration. The electrical responses are normal. There are 
no fibrillary twitchings. 


Case 29, Fajersztajn (27).—A man, aged 23, was seen in April, 
1895. He was said to have caught cold ten days previously. 
This led to great weakness in the legs and difficulty in chewing, 
swallowing and speaking. 

Present condition.—Slight ptosis. The patient tries to prevent 
this by over-action of the occipito-frontalis. Blinking does not 
occur often; there is slight lateral nystagmus on looking to the 
lateral extremes, the orbicularis palpebrarum is weak, especially 
after frequent closing of the eyes. He can whistle for a few 
seconds; he can only blow out light two or three times; occa- 
sional slight fibrillary twitching of mentalis occurs; the tongue 
easily gets tired; the pharyngeal reflex present; there is decided 
weakness of the masticatory muscles increasing with their use. 
Biting crusts causes great fatigue. There is difficulty in swal- 
lowing; the cervical muscles are weak, but the head is held 
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erect. Speech is nasal, weck and rough, and becomes more 
nasal and weaker when continued; after counting forty to fifty 
slowly, he becomes aphonic. The breathing is chiefly dia- 
phragmatic and is quickened by the slightest effort; there is 
decided weakness of the trank muscles, and he cannot raise 
himself into the sitting posture while in bed without using 
his arms; he can only lift hs arm over his head ten to fifteen 
times, even lifting a spoon to his mouth soon tires him; he 
can write twenty to thirty letters with a steady certain hand, 
when the writing becomes irregular and soon impossible. There 
is similar weakness in the lower extremities; he is obliged to 
rest after walking a few paces. The plantar, cremasteric and - 
abdominal reflexes are normal; the tendon-jerks and electrical 
reactions are normal. 

After six months’ rest in ked and administration of strychnine, 
improvement in all the symptoms followed; afterwards at times 
there were transient relapses The symptoms were always worst 
towards the end of the day. 


Case 30, Silbermark (28:.—A male, a cook, aged 34, entered 
Nothnagel’s Clinik, June, 1€96; his family history and previous 
` health were satisfactory. In December, 1894, he found when 
rolling dough that the thirc and fourth fingers were weak and 
tended to drop. After a short improvement, weakness and a 
feeling of fatigue appeared in the upper limbs, a few months 
later in the lower. Difficulty in chewing, and regurgitation 
through the nose appeared, together with facial weakness, 
difficulty in swallowing and nasal speech. Great variations 
occurred in the intensity of the symptoms. He always felt 
better in dry, warm weather than when it was cold and damp. 

State.—June 5, 1896. A slight degree of ptosis is present. 
The ocular movements are free; von Graefe’s symptom is present; 
the pupils react well. There is no weakness of the jaw muscles. 
The facial weakness is moss marked on the left side. There is > 
no weakness of neck; the limbs are affected. Tiring of one 
hand had no effect on the other. 


Case 31, Devie et Roux 29).—An unmarried woman, aged 43, 
entered hospital July 3, 1394. The symptoms gradually de- 
veloped two to three months ago without any affection of her 
general health. She has almost complete paralysis of the 
extensors and rotators of tha head and neck: the head falls for- 
wards, the chin touching zhe chest; she can only with great 
difficulty lift the head without using her hands. The rotators 
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are somewhat less affected. Beyond slight paralysis of the right 
inferior facial there ave no bulbar symptoms. Bilateral ptosis 
is present, very marked on the left, much less on right side; the 
globes are practically immobile; the orbicularis palpebrarum is 
intact; the reflexes are normal; fundus: there is slight peri- 
vascular oodema of the optic discs, the margins being indistinct. 
Potassium iodide and mercury were used. 

July 16.—The cervical muscles are less paralysed, also the 
ocular muscles, but the ptosis remains unaltered. Specific 
treatment steadily pushed. 

August 10.—There is steady improvement, and greatly increased 
power in the cervical muscles. The muscles of eyeball are almost 
normal; the ptosis is very slight in the morning, but gets marked 
by mid-day. 

August 20.—Movements of the head are normal, the ocular 
movements almost so. The ptosis is confined to the left eye and 
this only towards the end of the day; there is slight nystagmus. 
The mereury was stopped, iodide continued. 

September 16.— Left the hospital practically well. 

December.—Re-admitted for observation. Iodide has been 

continued. She has slight and transitory ptosis, but no other 
symptoms are observed. Discharged May, 1895. 

July 31, 1895.—The patient was seen on this date, practically 
well. 

November 20.—Third admission. Ptosis for two months 
reappeared on the left side, with slight diplopia, most marked 
towards the end of the day. Except for slight paralysis of right 
face, there are no other symptoms. There is no atrophy of the 
cervical muscles. 


Case 32, Kojewnikov (30).—A male, aged 54, who had 
previously been healthy. There is no history of syphilis or 
alcoholic excess. The disease began suddenly some hours after 
a severe chill, when he first noticed weakness of the lips. Soon 
after he had a feeling of tightness of the face, diffieulty in closing 
the eyes, in chewing, in swallowing, and nasal speech. l 

State.—The patient suffers at present from leftsided ptosis, 
weakness both of the upper and lower face, at times diplopia, 
limitation of the tongue movements, difficulty in swallowing (he 
had to be fed with a tube). He becomes easily tired when 
speaking, breathing is laboured, the face muscles are manifestly 
atrophied, both masseters, particularly the left, being very 
atrophic. The skin and deep reflexes are normal and there is 
no affection of sensation or of the special senses. At first he 
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became worse, then he improved. Six months later after a chill 
the symptoms returned. There was then a ‘slight difference be- 
tween the pupils and sligat insufficiency of the left internal 
rectus. The mouth was usually held half open and there: was 
great tiredness of the muscles in chewing, speaking and swallow- 
ing. There were no electrical changes. The patient died 
suddenly, probably from peralysis of respiration, two and a half 
years after thesonset of the disease. There was no autopsy. 


Case 33, Kojewnikov (80).—A female, aged 17. No his- 
tory of syphilis or alcohol. A brother has spasmodic asthma. 
Since the onset of menstraation in 1889 her health has been 
indifferent. Her present ilness seems to have dated from this. 
She first noticed a difficulty in utterance and nasal voice. This 
continued till February, 1€90, when she could neither whistle, 
blow out a candle nor expestorate, and was suffering from ptosis 
and difficulty of swallowing. 

September, 1894.—There is weakness of the facial muscles, 
especially the lips; the lower lip falls. Speech is difficult and 
easily tires; the voice is nasal; there is left-sided ptosis. There 
is slight symmetrical wasting of the tongue. . The soft palate is 
immobile. The muscles >f the shoulder and hip are weak. 
Sensibility and the tendon reflexes are normal. 

Summer, 1895.—There is defective taste and occasional 
diplopia. ; 

September.—She is mtch worse; there is weakness of the 
extremities, an inclination inwards of both eyes, and difficulty 
in holding the head up—it “alls forwards. 

October.—Speech is worse, swallowing impossible. 

October 14.—The right pupil is slightly the larger, she can- 
not firmly close the eyes mastication is very difficult. There 
is no atrophy of facial or masticatory muscles, but distinct atrophy 
of the tongue. The soft palate is almost immobile; defective 
adduction of the cords is seen on phonation; the posterior 
cervical muscles are weak cnd somewhat atrophied. 

Electrical reaction ; fasial muscles show slight quantitative 
diminution to electrical currents. The soft palate does not 
respond, to either current. In the tongue muscles A.C.C. is 
slightly better than K.0.C. 

There is a distinct trase of sugar in urine; the patient has 
not menstruated since Apr. 

Sensation is normal. She can only taste salt, and that 
imperfectly. ; 

She is low spirited and very irritable. 
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The gravity of the symptoms varies, the muscular weakness 
being least marked in the morning. 

October 26.—An attack of dyspnoea occurred during sleep at 
night, she was unconscious and cyanosed; it lasted three hours. 
She has had similar slighter attacks since. 

November 1.—She improved from this date; sugar per- 
manently disappeared from the urine on November 13. 

December.—In statu quo. 

In April, 1896, she left the hospital, still nenne of the 
chief symptoms. 


Case 34, Toby Cohn (31).—A girl, aged 19, who has been ill 
for a year with weakness and tiredness in the arms and legs, ptosis, 
difficulty in swallowing, regurgitation of fluids through the nose, 
and nasal speech. All her symptoms are more marked towards 
evening. 

On examination she was found to have double ptosis and 
lagophthalmos on both sides, a fixed expression with facial weak- 
ness on both sides; the jaw movements are feeble, the palate 
easily tired, speech is often nasal and difficult to understand, the 
letters g and k being especially difficult to pronounce. The 
tongue is normal, the neck muscles easily fatigued. The arms 
too are easily tired, and cannot be raised so well when sitting 
as when standing or lying. A similar condition of the lower 
extremities exists ; after walking for some time a waddling gait 
develops as in the dystrophies. The knee-jerks are pretty lively. 
A paresis of the abdominal muscles exists. There is no ataxy, 
and sensibility is everywhere normal. The myasthenic reaction 
is very distinct; there are no other electrical changes. The 
internal organs are sound, the urine healthy, and there is no 
mental change. The family history is good ; she had no preceding 
illnesses. An abnormal increase of the leucocytes is present in 
normal proportions. 


Case 35, Kalischer (32).—A male, aged 64. No history of 
syphilis or alcohol. He had small-pox forty years ago, but other- 
wise his health has been good. In September, 1892, he developed 
double ptosis, paralysis of the extrinsic ocular muscles, and a 
week or two later paresis of all four extremities. A flaccid 
paralysis. The deep reflexes are increased, the skin reflexes lost; 
there is no atrophy or fibrillary tremor; the extensors are weaker 
than the flexors. There is no reaction of degeneration, but some 
diminution of faradic excitability in muscles and nerves. 

There is no sensory disturbance, no sphincter trouble. The 
paralysis is always least in the morning. Later on the pupils 
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became sluggish, particularly to light. Death occurred apparently 
from paralysis of respiration. 

Post mortem.—Mierosco2ical examination. The changes ob- 
served in the microscopical examination were numerous old and 
recent hemorrhages, some farge, some small, in the whole of the 
cerebral gray matter from the posterior part of the third nucleus 
to the sacral region. 

There was degeneration in the nuclei and cells of the anterior 
horn all throügh the medulla and cord, varying in degree in 
different parts. 

The position of the lesion did not correspond with the symp- 
toms present during life. 


Case 36, Widal et Marinasco (33).—A man, aged 31. Suspected 
of having tuberculosis. He developed severe headache, and in a 
few days the typical features of asthenic bulbar paralysis—ptosis, 
diplopia, weakness of external eye muscles, deep monotone voice, 
facial and palatal paresis, difficulty in chewing and swallowing, 
weakness in the neck and arm muscles, and the legs were easily 
fatigued. Typical variations in the intensity of the symptoms 
occurred. Dyspnea and a small fast pulse were present. He 
died suddenly fourteen days after the commencement. For the 
last eight days the fever was 38-39°, and there was a trace of 
albumen in urine. 

Post mortem.—The third, sixth, seventh and twelfth nuclei 
and cells of anterior horns examined by Nissl showed chromato- 
lysis, the vessels were widened, there were no hemorrhages; in 
the roots of the third, seventh and twelfth nerves degenerated 
fibres were seen by the Marchi method. 


Case 37, Berkeley (34).—A male, aged 28, whose family history 
was good. When 14 years old slowness of movements attracted 
attention. His sister said, ‘‘ When he stooped he never seemed 
able to get up again.” Seven years ago the symptoms of his 
present illness were first roticed’; he was easily tired and rather 
somnolent; he had an inordinate appetite. Four years ago he 
was troubled with vomiting after meals, which lasted for three or 
four months. Soon after he developed pronounced deafness, which 
persisted for several montis, and has never entirely disappeared. 
His gait was clumsy and he was apathetic. Articulation was 
difficult and gradually became worse. .A year ago the eyeballs 
became “stiff,” and double ptosis with a peculiar facial expres- 
sion appeared. There was no history of syphilis or alcoholic 
abuse. 

VOL. XXIII. 21 


322 CRITICAL DIGEST. 


State.—September, 1892., The facial expression is dull and 
heavy, the patient usually sits with his head bent forward because 
of weakness of the muscles at the back of his neck. The muscles 
of extremities are very feeble and easily exhausted. There is no 
atrophy or fibrillary twitehings. Sensation is normal; he is some- 
what deaf. Bilateral anosmia is present. The pupils are semi- 
dilated and do not respond to light or accommodation. Deep 
reflexes increased, muscles react normally tofaradisn but are easily 
exhausted. Heart regular. Pulse fast (120). No albumen or sugar 
inurine. Incomplete double ptosis exists; the internal and inferior 
external rectus and oblique muscles of both eyes are paralysed. 
The eyes are practically immobile except that he can roll them 
upwards slightly. The masseters are weak and easily fatigued 
by faradism. There is weakness of the face muscles, the forehead 
is smooth, the orbicularis responds feebly, whistling is impossible, 
all the letters of the alphabet badly enunciated, the palate hangs 
low, the pharyngeal and palatal reflexes are well marked; no 
laryngeal examination was made. The tongue movements are 
defective. Contented disposition. Duration of illness ten years. 

July 18, 1895.—While being fed with soup he suddenly 
choked and died from asphyxia; he had had no previous attack of 
dyspnea, 

Post mortem.—An old hemorrhage was found in corpus cal- 
losum, having occurred probably in ely life, perhaps when he 
_ had variola, aged 18 months. 

This might account for the cerebral condition. No changes 
were present in the nuclei of medulla or pons, either in the cells 
or vessels; particular attention paid to third nucleus, but nothing 
abnormal found. 


Case '38, Schlesinger (85). (Very doubtful case.)—A female, 
aged 29, admitted August 12, 1894, had had good health. Six weeks 
previously she became suddenly ill and experienced great diff- 
culty in swallowing. Fluids especially. were difficult to swallow, 
regurgitation through the nose took place, and there was a copious 
secretion of saliva which frequently flowed out of her mouth. 
There was frequent vomiting. After a few days she was better, 
but the arms and legs began to feel weak. Mer condition gradu- 
ally got worse. 

State.—August 19, 1894. The mental state is normal, speech 
is slow and hesitating, the pupils are equal and react promptly. 
The eye movements are free, there is no diplopia, and no affec- 
tion of the face, tongue, or larynx. 

A high degree of general muscular atrophy is present. The 
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muscles in shoulder region on both sides are both fairly markedly 
atrophied, particularly the posterior part of deltoid. 

There is marked atrophy of the thenar and hypothenar emi- 
nences. 

The arm-jerks on the right side are absent, on the left side 
they are very feeble. The muscles of lower extremities are much 
atrophied, but react to faradism. The knee-jerks are obtainable, 
but not increased, and sensation is completely normal except a 
large patch corresponding to the deltoid and right side muscles, 
where the sense of temperature is lost. There is retention of 
urine, requiring the catheter, and obstinate constipation. 

Towards the’end of August she became worse, vomiting and . 
difficulty in swallowing developed, with increased salivation and . 
rapid pulse. Tongue deviated to the left; the larynx was 
normal. 

September 18.—Died from paralysis of the diaphragm. 

Post mortem.—Nothing abnormal found; Weigert-Pal, Nissl, 
and Marchi all being used. , 


Case 39, Brissaud et Lantzenberg (36). (Doubtful case.) 
—A carpenter, aged 41, who had had bronchitis and pleurisy, 
noticed great general wasting after a cardiac illness (? myocar- 
ditis). One and three quarter years after the onset he had right 
facial weakness with inability to open the eyes to the full extent, 
a wasted, powerless tongue, double vision and weakness of the 
external eye muscles. Atrophy and weakness of sterno-mastoid 
and neck muscles, also in the arms and legs, with occasional 
fibrillary twitchings. Dintinished knee-jerks, rough nasal speech 
and dry cough. Six months later there was a distinct improve- 
ment in most of his symptoms, except the fatigability of the 
museles. . No affection of swallowing. The jaw muscles, which 
were weak, now act well. No myasthenic reaction. Progressive 
improvement occurred. No statements as to ultimate result. 


Case 40, Karplus (37).—A female, aged 24. Healthy family. 
When 5 years old she developed slight right-sided ptosis, which 
progressed. The following week the left lid was also affected. 
After a year the ptosis gradually disappeared. Since then every 
year for periods of several weeks ptosis has appeared, worse 
towards evening. There was occasional diplopia. 

November, 1894.—She had ptosis, paralysis of the external 
eye muscles, weakness and tiredness of the upper and lower 
extremities. 

December, 1894.—Paralysis of the external eye muscles. 
Paresis of the frontalis and ocularis; weakness in mastication. 


324. CRITICAL DIGEST 


After two months the weakness of the extremities disappeared 
and the ocular movements improved. 

Autumn, 1896.—No ptosis; weakness of superior and inferior 
recti is present. 


Case 41, Eulenberg (38).—A man, aged 28. Family history satis- 
factory. He had inflammation of the throat with a diphtheritic- 
like membrane a few months before onset of present illness; no 
syphilis ; no excessive alcohol or tobacco history. “n December, 
1894, he saw double, and complete right-sided ptosis developed 
suddenly ; later ptosis developed on the left side. In February, 
1895, these symptoms disappeared, to reappear ‚again gradually 
in November of 1895. From the middle of 1896 to the middle of 
1897, he was again quite well. Since June, 1897, he has suffered 
from irregular cardiac action, ophthalmoplegia developed, and 
weakness of both arms and legs, especially on the right side. 

State —December 6, 1897. Complete ophthalmoplegia externa 
on both sides, the muscles are not all affected to the same degree. 
The right pupil is dilated and its reactions are sluggish; the 
papilla is of a whitish colour, but there is no disturbance of 
function (later the dilated pupils scarcely reacted at all to light) ; 
on the left side the optic nerve was hyperemic; double facial 
weakness, particularly of the orbicularis palpebrarum muscle; 
movements of the jaw and palate are weak and deglutition is 
difficult ; on the left side his ability to hear deep tones is dimin- 
ished (insufficiency of the tensor tympani?). There is weakness 
of the trunk and limb muscles which varies from time to time. 
There is striking increase of the muscular sensibility (auffallende 
steigerung der maskelsensibikität) in the limbs for electricity, 
especially for faradic currents. The myasthenic reaction is pre- 
sent in the extensors of the left forearm, the right extensor 
indices, and markedly in the interossei of the right side. Great 
improvement occurs after prolonged rest. There is no muscular 
atrophy; the reflexes are preserved ; sensibility is intact. 


Case 42, Mailhouse (39).—A male, aged 22 years. He has 
suffered greatly from the heat. A week ago he had a mild attack 
of diarrhoea a few days prior to the onset of the first symptoms. 

July 6.—The child could not hold up its head properly, at 
other times the head was as erect as usual. There was no fever 
or vomiting, and no complaint of pain. He was unable to chew 
or to swallow properly, fluids tended to regurgitate through the 
nose. At times speech was affected so that he could not be clearly 
understood, at other times it was natural. ‘ He has not been con- 
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fined to bed. The parents noticed that his eyes were half closed 
and that he could not smile. The family history was good. 

State.—-Marked bilateral ptosis, pupils and external eye 
muscles normal. 

The face is expressionless, he doesnot smile, saliva runs out 
of the mouth. The mouth is half open, the soft palate normal, 
and the voice good. The reflexes are normal. After walking a 
short way hesbecomes unsteady on his legs, so that he asks to lie 
down. ‘There is no atrophy. The electrical examination was 
unsatisfactory owing to uneasiness of child. The pulse 84; tem- 
perature normal. He was ordered to rest in bed and given 
strychnine and an intestinal antiseptic. 

July 19.—Mailhouse was sent for because of peculiar rolling 
of the eyes; his mother thought he was weaker. 

July 31.—Ptosis is gone; there is no strabismus; he can 
chew, swallow and smile, and runs about as he did before he was 
taken ill. 

‘August 4 (evening).—A choking attack occurred during an 
attempt to swallow ; weakness of neck muscles and regurgitation 
of liquids, &c., followed. He was better bythe time the doctor 

got there, 
August 5.—He has been up and down during day., While 
attempting to drink coffee from a cup a little difficulty in swallow- 
ing was noticed, his head drooped and he was dead. 

He never had any attacks of dyspnea; the heart’ s action was 
good. 

There was no autopsy. 


Case 43, Laquer (40).—A female, aged 21, whose mother died 
of phthisis. She had suffered previously from anemia. She de- 
veloped right-sided ptosis and double vision, and later difficulty in 
swallowing and regurgitation through the nose; ptyalism was 
present. Speech became indistinct and nasal; the arms and legs 
became weak. Three months before she had given birth to a child. 

State on examination.—eit facial paresis; left-sided ptosis ; 
weakness of the left internal and right external rectus, and dip- 
lopia; difficulty in whistling; speech slow, very indistinct and 
nasal in character; larynx normal. Tenderness on pressure over 
the fifth nerve on both sides. The knee-jerks were increased ; 
there was shortness of breath. Great weakness in arms and legs 
was present, and often great difficulty in swallowing. The symp- 
toms.varied in intensity. The patient died suddenly one and a 
half years after the onset of her illness. The autopsy was nega- 
tive, but there was no microscopic examination. 
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Case 44, Laquer (40).—A male, aged 49. Family history 
good. He has had pneumonia and repeated attacks of gout. He 
complained of pain and weakness in the right arm and leg; 
later, weakness in both arms. Double vision, ptosis, tiredness of 
the eye, face, and jaw muscles appeared; also of arms and legs. 
Fatigue of one group of musclés ‚produced exhaustion in others, 
the myasthenic reaction was demonstrated in the biceps; there 
was no atrophy or bladder trouble, while sens#ion and the 
zeflexes were normal. After an attack of bronchitis all the symp- 
toms became intensified. His expression was that of a man 
falling asleep after the mid-day meal. Chewing, swallowing, and 
speech all showed early signs of fatigue. After glancing outwards 
and inwards several times the eyeball became fixed. There was 

` no laryngeal affection. 

Six months after its onset all the symptoms of the disease 
became much more pronounced. Distinct atrophy of the deltoid, . 
biceps, triceps, pectorals, interossei, quadriceps, and calf muscles, 

: developed. The tendon reflexes were brisk and could not be 
tired out. The myasthenic reaction was present. Some muscles, 
especially the gastrocnemii and extensors of the forearm, are 
tender on pressure. . 


E Case 45, Wheaton (41).—Governess, aged 33, who had always 
been nervous. There was no neuropathic heredity. She had 
worked very hard. About the second week in July, 1896, she 
had a tooth extracted; the dentist told her that she must be very 
careful, or her gums would start to bleed and she might bleed to 
death. This frightened and worried her greatly, On July 21 she 
had a severe headache, in the morning she could raise the eyelids 
only with difficulty and the light pained her. On July 22, excepting , 
. for these signs and in addition ptosis and a slight increase of the 
reflexes, nothing abnormal was noted. During the next few days 
the ptosis became more marked, there was difficulty in chewing 
and in keeping the mouth closed. She was unable to sleep and 
_ had occasional attacks of palpitation. All the symptoms were 
increased by exertion. i 

August 14.—She had difficulty in walking, the muscles of the 
the neck were weak, menstruation began, and all symptoms 
increased in severity. She had diffculty in swallowing. 

August 31.—She had a severe choking spell. 

September 7.—To-day the patient had a bad spell of difficulty 
in breathing. 

September 14.—She died in an attack of dyspnoea. 

Mentally somewhat despondent. The reflexes increased 
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gradually during the disease ; there was no atrophy of the tongue 
and no tremors. The pulse was usually between 90 and 110. 
There was no autopsy. 


Case 46, Saenger (43).—A female, aged 22, seen December 29, 
1896. She has been married one and a half years but has no 
children. Her previous health was good. Four weeks ago, she 
suffered from headache and sore throat. Difficulty in swallowing 
and double vision followed. Eye disturbance was present before 
the sore throat. The patient is anemic and has a fixed facial 
expression. She has difficalty in preventing the upper lids from 
` drooping. The eyes cannot be moved either inwards or outwards. 
The pupils are equal and -eact normally; she has difficulty in 
swallowing. The palate is weak. The voice is feeble. The 
pulse is somewhat rapid and regular. There is great diminution 
of power in both the upper and lower extremities; the gait is 
normal, but walking soon makes her tired. Now and again there 
is weakness of the neck muscles ; the symptoms are more intense 
towards evening. Sensibility and the reflexes are intact; neither 
the myasthenic reaction no? reaction of degeneration are present. 

January 1, 1897.—The patient is somewhat better, she still 
has pain in the spine and nape of the neck. 

January 10.—She walke better. . 

January 13.—There is marked diplopia. 

Subsequently she became pregnant and got practically well of 
the paralysis. 


Case 47, Montesano (45).—A shoemaker, aged 17. Fourteen 
days after a cold bath, which he took when overheated, he was 
affected with weakness in the legs, so that walking was soon’ im- 
possible; then fatigue appeared in the arms and trunk, and 
diplopia. The spleen was slightly enlarged. The muscles were 
very easily fatigued. There was inability to dorsifiex the hand, 
and to extend the fingers, deviation of the tongue toward the left 
and weakness of the left ade of the face. The superior oblique 
and the external rectus of she left eye were paralysed. There is 
no affection of sensation. “The faradic excitability of the muscles 
of the left half of tongue and right hypothenar eminence is 
diminished. 

The myasthenic reaction is present in the lower extremities, 
especially in the quadriceps. Voluntary movement is still possi- 
ble after exhaustion by faradism. 

After four months the patient had recovered, excepting for 
slight diplopia and slight weakness in the finger movements. 
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The author suggests an organismal origin for the disease, the 
organisms becoming virulent in consequence of the above-men- 
tioned chill. 


Case 48, Kostetzki (47).—A male, aged 24, who had suffered 
from attacks of palpitation and dyspneea, developed weakness in his 
trunk and extremities, so that he had to give up work. The voice 
became nasal, the breathing was uneasy. The symptoms gradu- 
ally disappeared after a few weeks. Two month$ later, after a 
severe mental shock, difficulty in swallowing developed. 

Present state-—The patient is very thin, his muscularity is 
feeble. There is bilateral ptosis, and the expression is mask-like. 
The muscles of the face are paretic. Movements are scarcely 
noticeable. The tongue can only be protruded very slightly. 
The pharynx and larynx muscles are paretic. Speech is indistinct 
and nasal; chewing is difficult, and he has difficulty in swallow- 
ing and breathing. There is paresis of diaphragm. Attacks of 
palpitation occur. Paresis and atrophy are present in various 
muscles of trunk and limbs—the pectoral, deltoids, thenar and 
hypothenar muscles, glutei and spinal muscles. The reflexes and 
sensibility are unaffected. The muscles are quickly fatigued (for 
example, diplopia develops after a few movements of the eyes). 
Improvement occurred after several weeks’ treatment; a relapse 
then followed, and this variation in the symptoms recurred 
several times. 

The author is of opinion that this case forms a transition 
variety between chronic bulbar paralysis and the so-called 
asthenic bulbar paralysis. 

Case 49, Angelini (49). (Doubtful case.\—A man, aged 42, 
who had been nervous from youth. The illness commenced after 
emotional excitement, with tiredness of the muscles of the eye, 
the limbs and jaws. He also became soon fatigued after writing, 
speaking or reading, so that after a few words he could not 
remember what he had said. He had a severe feeling of pressure 
over the head and a feeling of stupor. After a short pause he 
could go on with his business. Sensation and the reflexes were 
normal. The myasthenic reaction was not present. Under 
hydrotherapy and strychnine the symptoms disappeared. Two 

‚years later there was a slight relapse from which he soon 
recovered. 

The clinical picture shows an undoubted resemblance to 
myasthenia gravis. But while in this disease the symptoms are 
confined to the motor apparatus, in the case above described the 
higher funetions were affected. 


. e 
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The case is more probab_y one of hysteria than myasthenia 
gravis (Angelini). 


Case 50, Harry Campbell (53).—A governess, aged 28. Seen 
December, 1898. Twelve months ago she noticed she could sing 
in the morning but not at night, and since then she has gradually 
developed the symptoms she now complains of, t.e., difficulty in 
swallowing ; sometimes solids “ stick in the throat,” and fluids 
pass through the nose; nasal speech ; a tired feeling at the back 
of the tongue. She cannot whistle, nor empty a spoon with the 
upper lip. There is upper facial weakness, but the corrugator 
supercilii acts well; great weakness of the orbiculares palpe- 
brarum ; after eating for some time the food tends to accumulate 
between the gums and teeth; mask-like expression; weakness of 
the face, soft palate and tongue. The above symptoms are all 
worse after using the affected muscles for some time. They are 
thus much better in the early morning than towards evening. 
No ptosis or diplopia. Knee-jerks and electrical reactions 
normal. . ; 

Later she complained of weakness in the arms, especially the 
right one ; this she noticed in lifting her arms ‘‘to do her hair.” 
This diffculty lasted a short time only and did not recur. 

January 27, 1899.—All the symptoms much worse; she can 
scarcely close her eyes. 

February 10.—Much beiter. 

April 29.—Improvement continued until April 7; during last 
fortnight has been worse. Has bad slight diplopia. 

February 16, 1900.—Ths symptoms have fluctuated in severity 
since the last note was made, but the general tendency has been 
improvement. 


Case 51, Sinkler (50).—A married woman, aged 37. Two 
brothers and a son suffered from nystagmus and rotatory head 
tremor, another son has nystagmus. There was no suspicion 
of syphilis. She had typhoid fever seven years ago, followed 
by bilateral ptosis, which lasted for four or five months. Two 
years ago she had diplopia. One year ago she was confined, 
the labour was a difficult one. A few weeks later swallowing 
‘and speaking became difficult, and weakness in the arms and 
legs developed. Since then at each menstrual period the 
symptoms have been worse. — 

State.—The face is mask-like, but there is no paralysis of the 
facial muscles. She can show her teeth and whistle. Speech is 
nasal and indistinct. After speaking for some time complete 
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aphonia results. Deglutition is difficult, sometimes regurgitation 
occurs through the nose; the jaws soon become tired with 
chewing, as do the arms and legs after exercise, the gait becoming 
unsteady and shuffling. The knee-jerks are present and 
apparently do not become exhausted on repeated testing. All 
the muscles respond to faradism and the faradic irritability is not 
exhausted. There is no affection of sensation and no headache. 
There is partial double ptosis, the pupils react nprmally, almost 
complete paralysis in left external rectus, and partial of the left 
superior rectus exist. Patient is of a cheerful disposition. The 
fatigue which occurs in the eyes, throat, legs and arms is very 
characteristic. 


Case 52, Punton (51).—A married woman, aged 25. Shesuffered 
from rheumatism before marriage. She has been ill for three 
years. Her only child was born just previous to the first 
symptoms; the labour was prolonged and difficult. She has 
never been well since delivery. 

Diplopia, dimness of vision, and left-sided ptosis were the 
first symptoms. Mastication, articulation, and swallowing became 
difficult, voice became nasal, the tongue was less dextrous and 
felt numb. Weariness, prostration, and rapid heart’s action 
followed slight exertion. She became unable to whistle, and 
strabismus appeared in both eyes. She developed a continuous 
lachrymation, and lost two stones in weight. 

State.—The eyeballs protrude slightly and cannot be moved in 
any direction. She complains of excessive lachrymation during 
the waking hours. Double ptosis is present, left greater than 
right. She has diplopia; the facial expression suggests a putty- 
like blankness. Profound paresis of the face, right greater than 
left; she cannot whistle. The masseters are equally paretic, the 
bite is feeble, there is no atrophy, tremor or twitchings. The 
tongue is thick, flabby, and completely devoid of lateral move- 
ment. The palate moves very little. Speech is thick, indistinct 
and nasal, and deglutition of solids difficult, while fluids regurgi- 
tate through the nose. The left vocal cord is paralysed, the 
power in the extremities is normal ; there is no atrophy, and no 
twitebings or sensory symptoms; the superficial reflexes are 
normal, the deep are slightly exaggerated. There is no ankle 
clonus ; electrical reactions are normal; urinary analysis negative. 
The pulse 90, regular. 

Case 53, Clifford Allbutt (52).—A girl, aged 18. The personal 
and family history are good. She caught cold, followed by stiff- 
ness of the tongue and jaws, which disappeared after a few weeks. 

. 6 
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Six months later she was seen by Clifford Allbutt. She spoke 
oddly, “as if with a potato in her mouth;” when she tried to 
read a book she began well, but soon the disorder set in and she 
became unintelligible. Her friends said that she read much 
better when at home quietly. A few weeks before she had begun 
to have difficulty in swallowing. ‘‘She choked over her meals, 
more when she was tired.” There was no evidence of hysteria 
or of organic djsease observed, except that the forefinger of the 
left hand seemed weak and fumbling. She moves her tongue 
and jaws and all the muscles of the face, throat and orbit quite 
normally. The palatal reflex was normal. A provisional diag- 
nosis of hysteria was made. Under treatment she improved very 
much. One evening the symptoms became worse, especially the © 
swallowing, and her mother spoke to her somewhat sharply. 
Next morning she went to her mother’s room to protest, when 
she suddenly fell to the ground, was convulsed, turned blue and 
died. There was no autopsy. l 


Case 54, Seiffer (54).—A female, who has been ill eight years 
(age notgiven). The illness came on without known cause. Five 
years ago the fatigue in the arms and legs, which was present 
before, became more marked, her gait became waddling, jaw 
weakness and ptosis developed. The tiredness was always more 
marked towards evening. 

State——She has double-sided ptosis; the eye muscles act 
normally, but at times nystagmoid movements are present. The 
patient quickly becomes tired on trying to count aloud, ultimately 
she is quite unable to do so. She can only raise herself with diffi- 
culty from the horizontal position. The arms if held up quickly 
become tired, as do the legs aiter walking, when she wavers and 
ultimately staggers. There is a distinct myasthenic reaction ; 
nothing peculiar as regards the blood is present. 


Case 55, Buzzard (55).—A schoolmaster, aged 40. His paternal 
uncle died in a lunatic asylum, a paternal aunt died of creeping 
paralysis; there is no history of syphilis or alcohol. Seven 
years ago, after taking cold baths, the little and ring fingers of 
the right hand felt weak. This recurred’from time to time; nasal 
voice, feeling of constriction :n the throat and ptosis followed. 
During the year 1895, excepting the weakness in the right index 
finger, he had no trouble ; legs and arms then became weak, and 
later there followed diplopia, weakness in the tongue and jaws, 
difficulty in coughing and in masticating, attacks of dyspnœa and 
palpitation, fatigue; cold weather and mental excitement all 
increase the intensity of his symptoms. 
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On admission.—Very intelligent man, indistinct nasal speech, 
diplopia, right-sided ptosis, upward movement of eyes defective, 
both external recti weak, pupils react perfectly, jaws easily tired, 
double facial weakness (especially upper face), tongue moves 
freely but easily exhausted, palate movements and reflex power 
poor. After repeated deep respirations the glottis finally opened 
less than at first. Great weakness of the neck museles, arms and 
legs are weak, he has difficulty in dressing hingself and cannot 
walk more than half a mile, no muscular atrophy, no fibrillary 
twitchings, myasthenic reaction present, no impairment of sensa- 
tion, no sphincter trouble, arm-jerks poor, knee-jerks active, nob 
exhausted by frequent tapping, nothing abnormal in the urine, 
other organs healthy. 

While-in hospital patient improved greatly, but a relapse 
occurred without apparent cause, the relapse characterised by 
the preponderance of severity of symptoms in the trunk and 
muscles of the extremities rather than those of the bulk. 


Case 56, Buzzard (55).-—A female, aged 24, housemaid. 
Rheumatic family history; no nervous disease. Anamic for 
eighteen months, otherwise good health until a year ago. First . 
symptom was giving way of the legs when walking upstairs, legs 
have been weak ever since; soon after arms became weak, speech 
became nasal, ptosis developed, diplopia, difficulty in mastication, 
in coughing and in swallowing were noticed; no attacks of dysp- 
nosa or palpitation. When excited, symptoms are intensified ; 
cold does not affect her; the symptoms are no worse at the 
menstrual period. On admission, no alteration in mental state, 
no affection of cranial nerves, speech almost normal at first, after 
reading aloud soon becomes indistinct and nasal. 

Double ptosis, left pupil greater than right, ocular movements 
good, slight nystagmoid movements on extreme lateral deviation, 
convergence poor, orbicularis palpebrarum very weak, power of 
mastication very poor, so feeble that she cannot hurt a finger 
introduced into the mouth when she tries to bite it, tongue and 
palate movements fairly free but soon exhausted, extremities 
weak, no atrophy, no fibrillary tremors, myasthenic reaction 
` demonstrated in biceps, sensation and sphincters unaffected, deep 
reflexes active. Knee-jerks cannot be exhausted by repeated 
tapping. 


Case 57, Feinberg (57).—A man, aged 44, with no neuropathic 
heredity, developed obstinate constipation, with symptoms of 
obstruction, colic, meteorism and vomiting. On the fifth day he 
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had severe pain in oceiput and region of upper dorsal spine, 
followed by numbness and weakness in the extremities, double 
ptosis, immobility of the eyeballs, feeble power of movement 
in the tongue and lips, inability ‘to wrinkle the forehead, 
indistinct speech, continuous salivation, difficulty in chewing and 
swallowing, the latter only to a slight degree. The patient soon 
began to improve quickly. ° : 

State a monty after appearımce of symptoms.—A strong man. 
He has slight double ptosis, the ocular movements were slow, the 
up and down movements being defective, there was no nystagmus, 
the pupils react normally. The right side of the face is paretic, 
the left normal except for slight weakness in the left frontalis. 
Attempts at whistling and showing the teeth gave poor results. 
Speech is distinct with the exception of the labials, the tongue 
moves well, the power of biting is feeble on the left side. The 
palate, moves well, the reflex is normal. There is no increase 
in the rate of the pulse or respiration. The occipital headache 
and pain in the back have long ago disappeared. All the other 
organs are normal; the urine contains nothing abnormal. The 
patient complains of great weakness and muscular prostration. 
There is no muscular atrophy and no disturbance of sensation. 
The knee-jerks are increased. There is no ankle clonus and no 
rigidity. He can make all movements, there is no ataxy. A 
feeling of tiredness is present even when he lies in bed, which is 
exaggerated when he stands or walks. There are no electrical 
changes. 

Six weeks from its onset aearly all symptoms of illness had 
disappeared; since then he has remained well (a year). 


Case 58, Leonard Guthrie (56).— Waitress, aged 23. Her pre- ` 
vious health and family history were satisfactory. 

Her illness commenced two years ago with difficulty in 
speaking; later, difficulty in swallowing, nasal regurgitation, 
inability to close the eyes and weakness in the hands appeared ; 
all the symptoms were worse after exertion or excitement. 

State.—A delicate-looking girl, but not markedly ansmic. 
Paxesis of the orbicularis octli and oris, tongue, soft palate, and 
probably of the pharynx. There is upper facial weakness but no 
ptosis, the ocular movements are perfect, there is no nystagmus. 
The pupils react well. She cannot blow out her cheeks or 
whistle; speech is indistincs and. nasal. The vocal ‘cords act 
normally. Deglutition is difficult; the jaw muscles are weak. 
She has fair power in tke extremities, but soon becomes 
exhausted. Sensation and the sphincters are normal. The 
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myasthenic reaction is present. There is no muscular atrophy. 
After five weeks she was much improved. 


Case 59, Raymond (59).— Woman, aged 25. Entered February 7. 
Dead child in October last. 

January 8.—Took cold, was seized with paralysis of left infra- 
facial same evening, but Raymond is not certain whether the 
right facial escaped. 

January 25.—Ptosis supervened (left); eight$days ago right 
ptosis—this less. This paralysis is intermittent and almost 
disappears at times. _ Ptosis worse second part of day. 

Towards February 7, complained a little of diplopia with 
difficulty in mastication. This fatigues her, has to stop every 
‘few ‘‘chews,” due largely to paralysis of masseters, especially 
left; difficulty of protruding tongue, applying it to palate, and 
speech is trainante; labials ill pronounced; after speaking short 
time speech gets thick and less distinct. Intellect perfect; speech 
slow. Pupil reactions normal. . Fundus normal. No sensory 
trouble. Reflexes normal.’ Patient complains of getting tired 
easily, and of not being able to walk for long. 

Treatment.—Faradisation of paralysed muscles, sulphur baths 
and cold douches. 

Improvement from February 26. April 15, cure complete. 

Pflüger (gives no reference) (Gazetie des Hép., 1,168), has 
cited a case of ophthalmoplegia externa consequent to menstrual 
trouble. (De Graefe, Landsberg, Scheeler.) 


Case 60, Harry Campbell (unpublished).—A girl, aged 19, who 
after an attack of scarlet fever three and a half years ago became 
paralysed all over (she could not even turn in bed). During the 
following year she gradually improved, and recovered power all 
over excepting in the face, which felt stiff. About twelve months 
ago she gave birth to a child. During pregnancy the face im- 
proved, but became worse again during lactation, which lasted for 
seven months. 

On admission her chief complaint was a constant running of 
water from the eyes. 

There is marked double facial weakness affecting both the 
upper and lower face; great weakness of the orbicularis oris 
and palpebrarum ; occasional diplopia, and the eyelids often droop 
towards evening. There is no affection of the soft palate, tongue, 
or larynx, and no weakness of the extremities. The condition is 
worse at the menstrual periods and in cold weather. The knee- 
jerks are brisk; all the muscles react readily to weak faradic 
currents. There is no affection of sensation. 
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A CASE OF ASTHENIC BULBAR PARALYSIS 
(MYASTHENIA PSHUDO-PARALYTICA GRAVIS). 


BY ARTHUR J. HALL, M.A., M.B., M.R.C.P. 


Professor of RL, University College, Sheffield ; Hon. Physician, 
Sheffield Royal Hospital. 


Mrs. X., a multipara, 44 years. Comes of a nervous stock, 
and herself suffered from migraine. Father lived to 81; mother 
alive, 85 years of age, healthy, but of low nervous tone. One 
sister has melancholia, two others have severe migraine. Has had 
two children, labours quite normal, last about twelve years ago. 
No history of syphilis. Menses regular, painful, latterly profuse. 
Has lately suffered a great deal from domestic worry on accouut 
of the presence in the house of a relative whose mental condition 
for the last two years has been particularly trying. 

Present iliness. —Barly in December, 1896, the patient com- 
plained of weakness in all her muscles. She always seemed 
tired, and could not even hold a tea-cup for long ata time. On 
Christmas Day she had some swelling of the left side of the face, 
thought to be due to exposure to cold; at the same time slight 
ptosis of the left eye was noticed. The ocular muscles at this ` 
period acted perfectly regularly. After this the ptosis was fre- 
quently noticed to come on during the day and increase towards 
evening, whilst absent first thing in the morning. The general 
weakness increased, and about the beginning of February she fell 
down and bruised her head, apparently from weakness of her 
legs, as she had no vertigo. For the last few days she has 
remained in bed and has hardly been able to raise herself. She 
has some headache, no vomiting, says things appear all out of 
shape. 

Present condition, February 11, 1897.—She lies in bed, look- 
ing languid and depressed. There is marked ptosis of the left 
eye and slight on the right side also, The ocular muscles act 
irregularly, especially in the associated movements of the left 
internal and right external rectus; the amount of irregularity 
varies from time to time, but the patient is so quickly exhausted 
that I found it beyond me to say exactly what muscles are 
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actually affected. The left internal rectus is, however, the most 
distinctly feeble. The grasp of the hands is feeble, but equal on 
the two sides. She is generally unable to stand or even to sit up 
by herself, but at times can both sit up and even walk quite well. 

There is no wasting, no loss of sensation, no loss of control 
over the sphincters. The viscera seem normal in all respects. 

The tendon and superficial reflexes are quite natural; there is 
no clonus. Speech is slow and drawling, the voice feeble as 
though she were tired. She has never had afly choking, but 
often complains of being too tired to finish eating what she has 
begun, and complained of considerable difficulty in swallowing. 
The ophthalmoscopic examination was negative. 

. Electrical reactions perfectly normal. 

I was puzzled as to the exact diagnosis. I did not find suffi- 
cient data for diagnosing any definite lesion, and was yet unwilling 
to call the case purely functional. At the end of a week I saw 
her again, and found her somewhat more cheerful and on the 
whole slightly improved by her rest. As she lived some distance 
from Sheftield we arranged that she should come into a private 
nursing home and try the effect of isolation, overfeeding, elec- 
tricity and massage. 

She came into the home towards the end of February. I 
saw her almost daily, and for the first two weeks she improved 
very greatly in every respect. She was much more cheerful, 
took her food well, and had less ptosis. She was also able to 
move herself in bed far better. In fact the result of treatment 
. seemed most satisfactory. At this point a menstrual period 
came on, which lasted ten days and was very profuse in quantity. 
During and after this all the improvement of the past two weeks 
disappeared and she was just as bad as ever she had been. I 
hoped that this might be only temporary, but unfortunately these 
hopes were vain. She got steadily worse in every respect, and I 
felt convinced that there was some serious organic nervous 
disease. I asked my colleague Dr. Burgess to see her with me, 
which he kindly did, and we agreed that there seemed no prospect 
of her improving under the present treatment and that she had 
better go home, for she was now extremely depressed. As 
regards her symptoms at this date, they were as follows :— 

Extreme mental depression. General weakness of all her 
muscles. Marked ptosis of left eye. Paresis of ocular muscles 
varying in extent from day to day and very difficult to determine, 
also the eyes frequently moved unequally when she was asked to 
look at any particular object. A marked nasal tone in the voice. 
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All these conditions were very much worse when attention 
was drawn to them. The patient’ herself noticed this, and the 
nurse assured me that the nasal character of the voice would be 
quite absent for a long period until I came, when it would begin 
at once. The patient also told me one morning that she had 
difficulty of breathing on first waking, but that it was not severe, 
and the nurse had not noticed any real dyspnma. These attacks 
of dyspnea were repeated two or three times. 

On April 2 she went back home, and stood the journey, a 
distance of five miles in a carriage, very well. She slept well 
and seemed bright and talkative next morning. She had some 
difficulty in swallowing her breakfast, and after doing so she 
went rather blue and made a curious “rattling” in her throat. 

. She ‘soon recovered and ssemed no worse for this. At about 
1 p.m. she- had some beef-tea, after which she suddenly began 
to have dyspnosa, became cyanosed and rapidly collapsed. 

I went out immediately and at 2.30 p.m., when I saw her, the 
condition was as follows :— 

_ She is lying on her back with jaw dropped ; ashy gray colour, 
extremities blue and cold. Eiyes half open, occasionally widely 
opened and rolling about; pupils small, equal, do not react to 
light. Respirations very short and spasmodic, stertorous, infre- 
quent, cheeks drawn in at each inspiration. Pulse 100. Heart’s 
action somewhat tumultuous. Urine passed into bed. Can 
articulate “Yes” and “No” when spoken to. All possible 
remedies were tried but she gradually became comatose and 
died at 5 p.m. 

I was very anxious to clear up, if possible, this extremely 
sudden and unexpected ending, and was allowed to make an 
examination of the cranial contents only on April5. This I did 
with the help of Drs. Burgess and Cocking, and so far as the 
brain and medulla oblongata were concerned a careful naked eye 
examination revealed absolutely nothing in any part of the mem- 
branes, vessels, or nervous tissue, which could be distinguished 
from that of a perfectly normal adult. 

I kept the whole of the pons and medulla and portions of the 
cortex cerebri and cerebelli for microscopical examination. These 
were hardened in Miiller’s fluid, cut in celloidin and stained by 
Weigert’s method, aniline blue-black, alum carmine, &e. A careful 
examination of a large number of sections failed to reveal any 
changes in the nerve-cells or fibres, or in the interstitial tissue or 
blood-vessels. 


Aeviews and Abstracts. 


Ueber die Raumwahrnehmungen des Tastsinnes. By Dr. 
Victor Henri. Berlin. Reuther und Reichard, 1898, 
pp. 226. 


M. Henri believes that experimental psychology has now 
reached a stage of development at which the critical collection of 
the results gained in its various departments is necessary for 
further progress. In the present memoir he has written a 
valuable account of our present knowledge of the psychology and 
physiology of tactile spatial perception. M. Henri is already 
well known for his original contributions to this subject, and his 
account of these make the book much more than an epitome of 
previous knowledge. Perhaps the most valuable feature of the 
book is the training which it suggests in psychological methods. 
The experiments described are very simple, and require very little 
apparatus, and that only of the simplest kind. Their careful repe- 
tition would, however, give considerable insight into the methods 
and characteristic features of psychological experimentation, while 
the éxperiments themselves throw light on several questions of, 
great importance in relation to disputed psychological and philo- 
sophical problems, such as to the nature and mode of genesis of 
` spatial perception. In the present state of psychology it is very 
important to separate facts from theories ; nearly all psychological 
work is done. with a bias in favour of some one school of thought, 
and it is often no easy matter to sift out the positive contributions 
to knowledge from such work. This task the author has success- 
fully carried out. The first part of the memoir is devoted to the 
facts which have been more or less firmly established by experi- 
mental research, while in the second part the theories of spatial 
perception are reviewed in the light of these facts. 

"The facts are considered under two heads: (1) The perception 
of spatial relations by means of touch, and (2) localisation of a 
point on the skin. The author distinguishes sharply between 
these two procésses, and bases this distinction partly on patho- 
logical evidence, stating that the two processes may be very. 
differently affected in such a condition as tabes dorsalis. The 
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actual observations given on this head are very scanty ; one case 
is described in which localisation on the foot was normal, while 
the spatial threshold was enormously increased (7-9 em.). 
Further observations in this direction are needed. Of the 
original contributions of the author two may be especially 
mentioned. He has shown that the familiar illusion with crossed 
fingers described by Aristotle is only one example of a general 
law that in unusual positions of the fingers (and other parts of the 
body), the locälisation and spatial relations of touched points are 
the same as if the fingers (or other parts) were in their customary 
positions. The second contribution is an original method of 
studying localisation. The ordinary method has the great dis- 
advantage that apparent ineccuracy of localisation may be partly 
or wholly due to defect of the localising movement. M. Henri 
advocates localisation on a life-size pattern ox model of the part 
of the body which is being :nvestigated, and obtains satisfactory 
results. So far the method has been very little used in patho- 
logical cases, but with pat:ents of ordinary intelligence should 
prove useful. He finds with this method that the errors of 
localisation tend to occur in definite directions; on the limbs a 
touched point is localised too far in the direction of the nearest 
joint. This result is ascribed to a tendency to localise in refer- 
ence to certain fixed points, and the errors were found to decrease 
the more nearly the touched point approached such a point of 
reference. The observations of Mr. Victor Horsley on erroneous 
localisation in cortical discrders, which are very interesting in 
this connection, appear to have escaped the author’s attention. 
The author seems also to have paid insufficient attention to 
pressure-points. According to Goldscheider these points form ~ 
the basis of tactile spatial discrimination, but the results of this 
worker are dismissed in a few lines as being based on minimal 
values, not comparable with the mean values of other observers. 
If Goldscheider is right, the stimulation of pressure points affects 
the specific nerve endings which have to do with spatial discrim- 
ination, and the existence of such specific organs is hardly a 
matter which can be lightly passed over in a book of this kind. 
In the second part the author gives an excellent account of the 
various theories of spatial perception. The popular view that the 
perception of spatial relations is wholly dependent on movement, 
has, of course, as little foundation in the case of touch as in that 
of sight, and M. Henri points out various facts which contradict the 
modified view held by Wunct and others, that spatial perception 
depends on a psychical syntkesis of tactile and muscular elements. 
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In Aristotle’s illusion, for example, the sensations arising from | 
the altered positions of the fingers wholly fail to influence 
localisation in the way they should according to this view. 
The author refuses to range himself with the advocates of either 
the genetic or nativistic views. “He points out facts like the 
above which are irreconcilable with the genetic theories at 
present in the field, but, while inclining to the nativistie position 
he refuses to adopt it, because it has not (it probably never can 
have) a positive experimental basis. 


W. H. R. Rivers. 
St. John’s College, Cambridge. 


The Education of the Central Nervous System. By REUBEN 
= Post Harrecg, M.A. (Yale). Pp. 258. Macmillan 
and Co., London and New York, 1896. 


~ In this book attention is called to the importance of early 
training of the central nervous system while its brief period of 
plasticity lasts, and the author says his principal object in 
writing it is “to prescribe for our complex central nervous sys- 
tems, at the proper time, the special kinds of exercise—sensory, 
motor, and ideational—demanded for full development.” In the 
first chapter a short description is given of nerve-cells and nerve- 
fibres, the spinal cord, medulla oblongata, cerebellum, and cere- 
‘brum, including a brief account of the motor and sensory centres, 
_ and the projection, commissural, and association fibres of the 
'" brain, The fatalistic aspects of education are alluded to, and 
refuted by, the author, who says that he has demonstrated that 
young nerve-cells are more amenable to training than any other- 
matter of which he has knowledge, and there is no doubt that care- 
ful culture can do much in children who have a healthy mental 
condition. If we ask how brain tracts can be modified, the answer 
is, through the action of sensorial impulses, motor movements, 
and especially by the development of the fibres of-association, for 
without these there can ,be no memory, association, and motor 
discharge. The importance of training the faculty of attention is 
rightly insisted upon, and it is shown that the nerve-cells must 
be well nourished, in order that this faculty may be maintained at 
its highest point of development. As regards environment, it 
must afford sufficient stimuli to develop the senses, and allow for 
_ motor action in the growing nervous system. For this purpose a 
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life in the country is preferable to one in town. As regards age, 
training should begin early, but we question the author’s state- 
ment that no one gets a new idea into his head after the age of 
thirty-three. The author rightly lays stress upon the importance 
of training the senses, and in chapter viii. he gives a list of objects 
for developing the olfactory, gustatory, auditory, and visual tracts, 
and the sense of touch. An interesting account of how Shake- 
speare’s senses were trained is given, from which we learn that 
though he left School at the age of fourteen, he had roamed from 
childhood in the fields and forests that surrounded Stratford-on- 
Avon, and in this way developed his various senses. Passages 
are quoted to show that he not only observed natural objects, but 
human beings as well. In chapter ix. is shown the importance 
of recalling images of sense-objects as a means of educating the 
nervous system, and the fact that these images are necessary aids 
in further modifying and developing the sensory cells is demon- 
strated. The book will be useful to parents, teachers, and all 
who are interested in the education of children. 


L’Epilepsie. Par le docteur JuLes Voısın. Pp. 420. 
Paris, 1897. 


Tuts book consists of a series of lectures given by Dr. Voisin 
at the Salpêtrière. The author first mentions the numerous def- 
nitions which have been given to this malady, and says, quite 
truly, that it is not a true disease, but a collection of symptoms _ 
which are more or less developed in one individual. He believes ` 
that heredity, which plays such an important part as a predis- 
posing cause in the production of mental and nervous affections, 
scarcely acts directly in this affection, but is more active in what 
he calls ‘‘ transformed” haredity. From a statistical table which 
the author gives, it appears that heredity, acting directly, only 
accounts for 9 per cent. of the cases, while the transformed 
heredity of tuberculosis and alcohol account: for 28 and 31 per 
cent. respectively. Among the determining causes the author 
places sleep as the most frequent factor; and itis due to the 
occurrence of the fits in the night that the patient and his friends 
are ignorant that he suffers from them. As is well known, they 
occur most frequently in the early morning, owing, as the author 
believes, to the blood being charged with toxines. At any rate, it 
is.a fact that when epilepsy commences, it occurs during the 
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night, and it is only when the patient has suffered from the affec- 
tion for some time that it occurs during the day. The author 
proceeds to discuss the remote and immediate premonitory symp- 
toms, the auræ; the symptoms and different varieties of the 
attack and their groupings, as well as the symptoms which occur 
after-the attack, such as dulness, dementia, and epileptic mania. 
Dr. Voisin has noticed that in many cases there is a disturbance 
_ of the gastro-intestinal apparatus previously to the attack, and 
when this disappears the patient returns to his nofmal condition ; 
hence he believes that a great number of cases are of infectious 
origin, and are due to toxines circulating in the blood. On exam- 
ining it after an attack, he observed that it was not only black 
and pitch-like in appearance, but there was a reduction of the 
activity of the oxyhemoglobin and a diminution of the red 
globules, besides other changes. He made a bacteriological 
examination of the blood, and found in two cases a staphylococcus 
similar to that which had previously been noticed by others, in 
the blood of patients who had suffered from eclampsie convul- 
sions. He therefore thinks that the epileptic fits are produced 
sometimes by autointoxication and sometimes by the products of 
the staphylococci, which have not been sufficiently eliminated. 
As regards arterial tension, he noticed that it became reduced 
before the paroxysm and rose above the normal condition as soon ' 
as the period of stertor commenced. On examining the urine, he 
discovered that post-paroxysmie albuminuria existed in half the 
cases, and was met with in all varieties of epilepsy, that the 
‘epileptic state was always accompanied by albuminuria, but that 
it disappeared quickly and was very variable in quantity. He 
also examined the urine to ascertain its toxic character after the 
attack in various individuals, and noticed that the urine collected 
twenty-four hours after the paroxysm was of a volume consider- 
ably above the normal, urea was increased, phosphates were in 
excess, and peptones were almost always present. In addition, 
he isolated a body which was extremely toxic when injected into 
animals, and concluded that the urine is hypotoxie before and 
during the attack, and is hypertoxie afterwards. The author 
then goes on to discuss Jacksonian epilepsy, the spasmodic hemi- 
plegia of infancy, the progress, diagnosis, prognosis, pathology, 
and treatment of epilepsy, and winds up with certain medico- 
legal points as to the responsibility or otherwise of patients 
suffering from this affection. < Those who are interested in and 
have to treat this malady will find the book useful. 


FLETCHER Bracsz. 
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Two Gases of Hereditary Cerebellar Ataxia. —By K. Miura 
(Mittheilungen der Med. Facultät der Kaiserlich-J praida 
Univ. zu Tokio, Bd. iv., Heft. 1, 1898). 


Case I.—Monojiro Niwz, a man, aged 37. Father died of 
cerebral hemorrhage ; motker of hereditary cerebellar ataxia in 
42nd year. Bons of a cousin of the mother said to have had the 
same disease. „Patient’s ga:t affected in 25th year; a temporary 
affection of hands in 30th year. After a febrile attack in 33rd 
year co-ordination worse, speech and sight involved. Increase 
of symptoms in 36th year caused him to stop work. On admission 
to hospital expression stepid, excessive facial. movements in 
speaking, slight tremor of tongue, speech explosive, stammering, 
linguals specially indistinct, sputtering when speaking, pupil 
reaction sluggish to light and accommodation, slight horizontal 
nystagmus, field of vision contracted on both sides and unequally, 
injection of optic papille, with slight clouding of margins, verte- 
bral column fairly straight, swaying of body when sitting, no 
muscular atrophy, imperfect co-ordination of upper and lower 
extremities, great difficulty in balancing on legs, reflexes un- 
affected, sensibility intact. The writing, a specimen of. which 
(Japanese) is given, is said to show marked ataxia. During the 
few months that patient was in hospital before death supervened, 
symptoms of beri-beri developed, viz., lowering of sensibility in 
trunk and inferior limbs, sensation of pressure in epigastrium, 
sensitiveness to pressure in calves, vomiting, with other digestive 
disorders, slight oadema of legs, almost total disappearance of 
knee-jerks, slight rise of temperature. 

The results.of the autopsy are given with great detail. In 
the nervous system the chief points concerned the loss of bulk in 
certain parts, especially the pons, medulla, cerebellum, and cord. 
The pons was diminished in all directions, measuring 22 mm. in 
length, and 27 in breadth, instead of 29 and 36. ` The loss of bulk 
appeared to be due to a diminution in the transvérse cerebellar 
fibres. The medulla oblorgata was 19 mm. long by 18 mm. 
broad above, 16 mm. broad lower down, instead of 28, 27 and 
18 respectively (according to Krause). The cerebellum weighed 
80 gr. instead of 169; its volume was 72 cem. instead of 162. 
(From some hitherto unpublished figures given by the author, 
Prof. Taguchi makes the average Japanese brain somewhat 
smaller than the European). No change beyond this of size 
could be discovered by careful naked eye and microscopic exami- 
nation. The spinal cord was diminished too, being flattened 
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from before backwards. At the 6th cervical root it was 12 x 7 
_ mm. instead of 124x95; at the 6th dorsal root, 8x5 instead 

. of 8-57-38, and so on. No degenerative change in columns or 
cells, nor in the spinal roots. The complication of beri-beri 
accounted for degeneration of nerve fibres in peripheral nerves of 
the lower extremities. 

Case II.—Kentei Niwa, 41 years old, elder brother of fore- 
going. No syphilis; aleoholic and licentious in habit. After 
a febrile attack in March, 1888, lasting ten days? he noticed un- 
- certainty in gait, awkwardness of hands, affection of speech and 
eyesight, &c. After some improvement, he got worse in 1890-91. 

Condition in June, 1896: Hearing defective, speech stammer- ' 
ing, jerky, explosive, worse when talking to strangers, tremor 
of tongue when put out, tremor of chin on bringing the mouth 
to a point, eyeballs small, no nystagmus, reaction of pupils 
normal, field of vision irregularly contracted, optic dises somewhat 
clouded, impotence since illness began, hands tremble on being 
stretched out, loss of power in hands and arms, ataxia in these 
parts (touching points, writing), similar ataxia, only more evident, 
in lower limbs, “ drunken ” gait, reflexes not affected, diminished 
sensibility on outer side of leg below knee. 

A year later, all the symptoms had become worse; knee-jerks 
nearly absent, facial. muscles acting in excess in speaking or 
opening mouth, micturition delayed. He was still able to attend 
to his business of ragman. : 


PROCEEDINGS OF THE NEUROLOGICAL 
SOCIETY OF LONDON. 


Ar the Curcan Meetme held ab 11, Chandos Street, on 
Thursday, June 21, the following cases were shown :— 


(L) Dr. H. Hrab, F.R.S.— Two cases of muscular atrophy 
confined to the upper extremities, probably of neuritic origin. ` 


(1) Mrs. C., aged 26. She was in perfect health until No- 
vember, 1897. She was then six months pregnant, and a sauce- 
pan of boiling water was upset over her right hand, scalding her 
badly. Two months later she had a pricking feeling in the left 
hand which began to waste steadily. About May, 1899, one 
month before her last baby was born, the right hand began to 
waste. This wasting was preceded by a feeling of pins and 
needles in the hand. In August, 1899, the left hand showed 
marked wasting of the thenar, hypothenar and interosseous 
muscles. The fingers were over-extended at the metacarpo- 
phalangeal joints. The cecndition of the right hand was the 
same, but much slighter in degree. The reaction of the affected 
muscles to faradism was distinctly diminished. No other 
muscles in the upper extremities were affected except the lower 
_ part of the right trapezius, which appeared to be slightly wasted. 
When her arm was raised to the horizontal position the right 
scapular border projected distinctly, but the deformity dis- 
appeared immediately her arm was raised above the hori- 
zontal. In this case sensation was distinctly affected. Touch 
and pain were not obviously affected, but heat and cold were lost 
over the palm and fingers of the left hand and to a slighter degree 
over the. palm of the right band. The loss to cold was more 
certain than the loss to heat. The reflexes and pupils were 
normal and there were no other signs of disease. She slowly 
‘improved, but the wasting of the hands is still evident and the 
lower part of the trapezius appears to be slightly affected on both 
sides, especially on her right. Sensation is now perfect. 
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(2) Florence R., unmarried, aged 25. About October, 1898, 
She had a good deal of pain in the left supraclavicular fossa, 
accompanied by numbness, coldness, and “ pins and needles” in 
the left arm and hand. About four to five months afterwards 
she began to notice that she dropped things from the left hand. 
In October, 1899, the interossei of the left hand were markedly 
wasted and the hand was distinctly clawed. Both thenar and 
hypothenar muscles were somewhat wasted and flabby but no 
movement of these groups was absolutely lost. “There was some 
doubt as to whether the right hand was wasted at this time. 
There was distinct slight loss of sensation to heat and cold over 
an area on the radial border of the left forearm and hand, in- 
cluding the thumb. No alteration in touch or pain could be 
discovered. There were no other signs of disease. The pain 
continued in the left shoulder and back of the neck and she had 
occasional pain in the right arm and hand. Now both hands 
show marked wasting and the lower trapezius on the left side is 
wasted. The only loss of sensation is a slight loss to heat and 
cold over the tips of the thumb and forefinger of the right hand. 
The electrical reactions are markedly altered in the small muscles 
of the left hand and to a slighter extent in the lower part of the 

„ left trapezius. 


I.) Dr. Conman.—Case of “ ophthalmoplegic migraine.” 


Ida E., aged 14. Father has had rheumatic fever. Nothing 
else relevant in family history. The first attack when aged 11. 
There was slight ptosis without pain and twitching of the eye 
and forehead for a day or two, then severe headache and vomiting 

. lasting for three weeks. At the end of that time ptosis was 
complete. After the attack the ptosis diminished but did not 
pass off. There was also external squint and diplopia. 

There was a second attack of headache and vomiting three 
months later, and several slighter ones followed, without any 
increase in the ptosis. Since a severe attack in December, 1898, 
the ptosis had been constant. The ocular movements could 
all be performed in the left eye, though weakly. There was slight 
external strabismus when at rest, the eye looking a little down- 
ward as well as out. There was diplopia on looking to ‘the right 
only. The left pupil is contracted and did not react to light or 
dilate to shade. There was, however, wide dilatation on her 
attempting to look upwards. The fundus was normal. Her 
general health was excellent. The attacks had been slighter and 
much less frequent during the last eighteen months, during 
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which time she has taken bromide of potassium and tincture 
of gelsemium regularly. a f 


(IL) Dr. D. B. Less.— Case 1.—Hematomyelia ?—partial 
recovery. 


Man, aged 47, admitted March 9, 1900. Three weeks before 
admission fell backwards, striking the lower part of his back. 
Felt severe pain and had to ke assisted to walk home. Pain was 
in lumbar region, also between shoulders and over metacarpo- 
phalangeal joints of right incex and middle fingers. Limbs very 
weak (especially right arm and leg) but not paralysed. Great 
effort in passing urine and faves. 

On admission, three weeks after onset.—(1) Sensory.—Pain, 
lower lumbar and sacral regions; also in right hand, over second 
and third metacarpo-phalangeal joints. Hyperesthesia marked 
over lower lumbar and upper sacral regions. Anesthesia over’ 
right hand and forearm; some over left hand also. Complete 
sensory loss (touch, pain, temperature and sense of position) over 
whole of both lower limbs; upper limit of anssthesia 3 inches 
above symphysis pubis. (2) Motor.—Right upper limb: Decided 
" wasting of interossei. No power of flexing the extended fingers, 
or of approximating thumb and little finger. Grasp very weak. 
Weakness of extensors. of wrist. Some weakness of flexion of 
elbow. No wasting of arm or forearm. Left upper: Some 
wasting of interossei, but can flex extended fingers. Grasp 
stronger than right. Slight weakness of extension of wrist. 
Right lower : Weakness of all movements; no wasting. Right 
foot in position of talipes equines; cannot be dorsiflexed. Left 
lower: Stronger than right, and foot can be dorsiflexed. No 
wasting. Beflexes: Knee-jerks very exaggerated, especially right. 
Suprapatellar jerks very merked. Ankle clonus on both sides, 
especially right. Eyes: No paralysis of external ocular muscles. 
Pupils equal, react to light and with accommodation. Discs 
normal. Syphilis(?): Had gonorrhoea and bubo in right groin 
at 16. Scar in right groin Two white scars with pigmented 
margins on left leg. 

Treatment.—Pot. iod. gr. 20, lig. hyd. perchlor., 3j. t.d.s. 

March 16 (one week after admission).—Improved ; sensation 
over lower limbs restored, with a feeling of “pins and needles” 
in them. A touch or pin-prick at any part of lower limbs or 
trunk (up to second rib) causes a burning sensation. Anæs- 
thesia now limited to skin over three middle metacarpo- 
phalangeal joints (dorsal end palmar aspects) of right hand 


350 PROCEEDINGS OF THE NEUROLOGICAL SOCIETY 


and over whole of index of left hand. Ineo-ordination of right 


upper limb still present. Knee-jerks and ankle clonus less. 
Plantar reflexes not obtained. Much more power in lower 
limbs; still cannot dorsiflex right ankle. Slight increase of 
power in right upper limb. Can flex extended fingers. Able 
now to write. Still difficulty in urination and defecation. No 
bedsores. Slight ptosis and some myosis on right side noticed 
on one occasion. Some distension of abdomen, with dyspeptic 
symptoms and occasional vomiting. Some front&l headache and 
disturbance of vision. 

April 3.—Discharged ; could walk feebly with a stick, but 
gait spastic. — 

June 8.—All four limbs weaker than in April. > Left grasp 
weak; right very weak; some tremor now on effort to squeeze. 
Claw-hand on right side, slightly on left. Interossei wasted. 
Cannot separate fingers on right side; can do so feebly on left 
side. Cannot touch tip of nose accurately with either index 
when eyes closed. Dorsiflexion of right ankle still absent, of 
left weak. Gait feeble and spastic. Plantar reflex generally 
absent, but extensor response obtained once. No ankle clonus 
now. Knee-jerks much less exaggerated. Sensation to pain - 
impaired and numb over both lower limbs and up to umbilicus 
in front and to iliac crests and upper sacrum behind; also on 
radial border of right upper limb and over the first four digits ; 
loss of temperature sense over the same areas. Touch can be 
felt except over the soles. Over the trunk tactile sensation is 
less acute, pain sensation less acute on the right side than on 
left. Electrical reactions normal. 

Distinct ptosis and myosis on right side (variable). Visual 
fields apparently normal, but in the outer half of the right visual 
field a finger seems to him to “ shake.” 


Case 2.—Hysterical contracture of twelve years’ duration, 
rapidly improving under treatment. 


(IV.) Dr. LEONARD GUTHRIE.—A mild case of Thomsen's 
dasease. í 


Boy, aged 11. Duration of symptoms twelve months. Meta- 
carpal bones of both thumbs adducted, first and second phalanges 
extended and fingers flexed at ‘metacarpo-phalangeal joints. 
First joints extended, terminals flexed. On grasping an object 
could not let go easily. The upper limbs became temporarily rigid 
on voluntary movement after a period of rest, but the rigidity 
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speedily passed off when & few active movements had taken 
place. Similar temporary rigidity affeeted the lower limbs, but 
was only noticeable after rest. He complained that his legs felt 
stiff on starting to walk. The position of the hands was constant, 
even during sleep. It somewhat resembled that of tetany. The 
boy was intelligent and not nsurotic. There was no family history 
of Thomsen’s disease. 


(V.) Dr. Newron Prrr. 


(1) Case of insular sclerosis. —Wm. T., aged 20. Liable to 
periodic bilious attacks. Since June, 1899, he noticed he could 
not read small print on account of the constant oscillation of his 
eyeballs. In October anesthesia with analgesia up to the 
groins suddenly developed, and three times within a week he 
was sent home as intoxicated on account of his ataxic gait. His 
legs tired readily and were rather stiff. When seen in October, 
1899, he had an unsteady, fesble, slightly spastic gait which soon 
improved considerably. The area of anesthesia also diminished 
and finally disappeared. The knee-jerks were exaggerated and 
there was an extensor plantar reflex. There was partial optic 
atrophy, especially in the outer part of the discs, and more marked 
in the right eye, vision „5. No ocular paralysis. Slight constant 
tremors of head when unsupported. Speech slightly monotonous 
but hardly scanning. 


(2) Ed. A., aged 40. Eighteen months ago anesthesia of 
second division of right fifth cranial nerve. Thirteen months 
ago, after an attack of gout, his gait became very unsteady, the 
right leg was weaker than tke left. When tired he has noticed 
he sometimes has had diplopia with the image displaced laterally. 
When seen in January, 1900, no diplopia, optic discs, fields of 
vision, pupils and speech normal. He is so unsteady in his 
‘gait, which is also somewhat spastic, that he moves about with 
great difficulty. The right grasp is weaker than the left and 
he could not touch his nose when his eyes were shut; this has 
gradually improved. In bed his legs not infrequently twitch 
involuntarily. There is pain in the lumbar and sacral region. 
No bladder nor rectal trouble. Very brisk knee-jerks with 
extensor plantar reflex. Clonus often comes on when he at- 
tempts to walk, but with plrysostigma this diminished and his 
gait has become less spastic. During the past five months no 
marked changes have taken p.ace. 
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i (Additional note, June 21, 1900.) 


He still has occasional diplopia, due to weakness of the right 
external rectus. There is now some early optic atrophy in the 
right disc on the outer part, and possibly some in the left eye. . 
His vision is rather defective, he has slight hypermetropic 
astigmatism, but even when this is corrected his vision is about $, 
He had numbness in the right thumb for two months, so that he ` 
was unable to button his coat; this has now passed off. The 
diagnosis appears to lie between insular sclerosi$ and combined 
paraplegia. 


(8) Nicholas R., aged 37. Five years ago he had numbness 
of his fingers with a squint which lasted for a month. In 
January, 1900, pain in sacrum, which ‘has continued, numbness 
in legs, thighs, and fingers. In March his gait became unsteady 
and has continued to get worse. He staggers in his gait, throws 
up his legs erratically, especially the left, but there is some 
spasticity. Knee-jerksincreased. Speech slovenly and tremulous. 
When seen in April he had numbness with anesthesia of fingers, 
especially of left hand; this has now passed off. Extensor plantar 
reflex, but feeble in right side. Hein April was unable to touch 
his nose with his right hand with his eyes shut; this defect has 
passed off. At the onset of the attack retention of urine. 
Paralysis of right external rectus which has greatly diminished 
now. Optic discs in April normal. Right pupil smaller than 
left; reactions normal. Slight chronic glaucoma. The defect in 
walking increased rapidly at first, but since April has not varied 
much. The anesthesia of hands has greatly decreased. ' 


(Additional note, June 21, 1900.) 


The discs appear to be whiter than in the spring, and suggest 
an. early condition of optic atrophy, but this is still indefinite. 
His vision is not up to the normal. The weakness of the right 
external rectus is much less, but there is still diplopia. The right 
field of vision is contracted laterally. The pupils are equal, and 
the tension of the eyes is normal. 
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~ INTRODUCTION. 


It would be useless to attempt a review of all the litera- 
ture that has grown up around the‘ subject of “ Herpes 
' Zoster,” for from 1895 to the present time alone over 
seventy papers have been written on this subject, very few 
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of which. have any bearing on the matter of, the present 
communication. ze 

` Moreover, our. work de. with Hermes zoster from two 
aspects. Firstly, we have determined the pathological 


‘lesion which. underlies this disease, and, secondly, we, have. 


attempted thereby to determine the, cutaneous distribution 
of. certain fibres that enter .each posterior root ganglion. 


We shall, therefore, only allude to such communications 
as throw light on the pathological lesions in herpes zoster, 


or on the distribution of the fibres which enter the posterior 
root ganglia. , 

It was not until the appearance of von Bärensprung’s . 
classical paper (23) in 1861 that herpes zoster was stated to 


'be definitely of nervous origin; and when von Bärensprung 


crowned his long series of admirably reported observations by' 
a post-mortem examination (1), its association with a lesion - 
of the posterior root ganglion was universally accepted. But 
as his conclusions in their passage from book to book have 
undergone modification, and as the position of the question 
he set himself to answer has been widened by our increased 


‘knowledge of the structure of the nervous system, it will be 


well to consider this first successful post-mortem examination 
more carefully. Moreover, we must remember that although 
von Barensprung rightly placed the’ position of the lesion ` 
in the posterior root ganglion, he thought this structure 
stood in no connection with the fibres of, the posterior root 
or peripheral nerve, but had special nerve-fibres of its own, 
The eruption seems to havé occupied the area we have 
called dorsal 7; for it ran in the form of a girdle over 
2 inches in breadth between the 6th and the 9th ribs, passing 
the middle line behind for one or two lines at the level of 
the 5th to the 8th spines, to end beneath the xyphoid 


- process. Death followed from tuberculosis forty days after 


‘the first appearance of the eruption. 


The spinal cord and both anterior and posterior roots 
were stated to-have been normal ; but“ Nachdem die Inter- 
vertebralkanäle geöffnet und die Intercostalnerven vom ten 
bis zum 9ten freigelegt waren fiel sogleich eine grössere 
Dicke und vermehrte Röthung des 6ten, Tten und 8ten am 
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"meisten aber des 7ten auf, die von einer agen sellang des 
mit erweiterten stark geschlängelten Gefässen durchzogenen 
` Neurilems vorzugsweise abzuhängen schien. Der Durch- 


messer des 7ten Nerve übertraf fast um die Hälfte den ` 


des ten und des 9ten Intercostalnerven . . . . Den 


6ten und Sten Nerv zeigten die nämliche Röthung und - 


Anschwellung aber etwas weniger stark und auf eine kürzere 


` Erstreckung ale den des 7ten.” He then stategthat hefound - 


the remains of extravasated blood in the ganglion, without 
mentioning to which of the three ganglia he alludes. 


This case seems to have borne a close resemblance to’ 


‘No. 2 and No. 4 of our series, in both of which cases the 


swelling of the affected ganglion and nerve was obvious to ` 


the naked eye. Thus by little more than a naked-eye 


ei, examination ‚von Bärensprung was enabled to prove that 


the ganglion was affected in herpes zoster. 

The next report of a post-mortem examination was made 
by Charcot and Cotard in 1865 (4). A woman suffering 
‘from cancer of the breast developed zoster over what appears 
to have been the 3rd and 4th cervical areas. At the autopsy 


secondary growths were found to have invaded many of the: 
vertebr&, especially in the cervical region. The 4th cervical ` 


vertébra was found to be profoundly affected. The only 
change found in the nervous system consisted in an active 
injection of the capillaries of the ganglia and nerves, a 
“ véritable neuritis” without concomitant alteration of the 


-ganglion cells or nerve-tubes. 


This case is so poorly reported that even from the point 


of view of a naked-eye examination it is valueless, either. 


to elucidate the pathology or localisation of the lesion of 
. herpes zoster. It would seem to have closely resembled 


case 14 of our series, where examination, even by the - 


simple methods of that day, would have revealed marked 
changes in the affected ganglion. 

The next case was reported by Wennen in 1870 (18). In 
a paper on three cases of zoster he reported two autopsies 
with negative results. This is not surprising, since in his 
first case, although the eruption lay over what we have 
called cervical 4, he only examined the cord ganglia and 
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nerves between, cervical 7 and dorsal 2; and in his-second 
case the patient died five years after the eruption. 

In the same year E. Wagner (17) reported the result of 
an autopsy on a tuberculous patient who had developed an 
attack of zoster over the 9th’and 10th ribs seven days before 
death. The six lower dorsal and the 1st and 2nd lumbar 
vertebre were laid bare by tubercular caries, and the dura 
mater was lingd with a thick layer of cheesy pus. Only the - 
ganglia were examined microscopically, and the 9th, 10th, 
and 11th dorsal were said to have been affected. But it is 
obvious that an incomplete examination of so complicated a 
case could add little to the knowledge of either pathology or 
localisation. 

In 1871, Oscar Wyss (19) reported a case of zoster of the 
whole first division of the trigeminal nerve, where death 
occurred seven days after the appearance of the eruption. 
The ophthalmic vein was thrombosed and the eye-muscles 
contained small abscesses, and the connective tissue of the 

“eyeball was infiltrated with pus. From the point where the 
first or ophthalmic division leaves the Gasserian ganglion to 
enter the eyeball it was surrounded by extravasated blood. 

` The second and third divisions were unaffected; but attached 
to the inner side of the Gasserian ganglion lay a red mass 
1 cm. broad, apparently consisting of extravasated blood. 

_ Microscopically, there was an extravasation of blood into 
the inner aspect of the ganglion and into the first division of 
the trigeminal nerve. There is also said to have been 
“purulent inflammation” of the ganglion, pushing the 
ganglion cells apart. . 

In 1875, Sattler (16) also reported a case of herpes - 
ophthalmicus, extremely well worked out according to the 
methods then known. A man of 85 was poisoned by car- 
‘bonic oxide gas. Four days later neuralgia came on over the 
right half of the forehead, and in a few days the forehead, 
the side of the nose, and the eyelids, became covered with 
an eruption of herpes zoster. Death occurred fourteen days 
afterwards. The Gasserian ganglion was found to be in- 
filtrated with small round cells, and there was marked 
destruction of the ganglion cells. The ophthalmic division 
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of the nerve was degenerated. The other two divisions were 
normal. 

By this time it had come to be recognised that the gan- 
glion was affected in cases of zoster, and in 1876 Kaposi (10) 
reported a case in which he arrived at a very odd result. A 
man of 54 died seven days after the appearance of an erup- 
tion that had the following distribution: “Auf der allge- 
meinen Decke des Unterleibes rechts über den Darmbein- 
kamm und mit diesem parallel laufend eine continuirliche 
- Folge von Herpes-gruppen welche etwa 13 bis etwa 1 Zoll 
vor und über der Symphyse sich erstrecken.” The area 
affected seems to have corresponded with our dorsal 11. 
But he only examined the ganglia of dorsal 12 and lumbar 1 
to 5, and states that hemorrhages were present. in the peri- 
ganglionic fat of dorsal 12, lumbar 1, 2 and 3, and that the 
protoplasm of lumbar 2, the most affected ganglion, was 
pale and retracted. In the light of our present knowledge it. 
is impossible that these changes could have been associated 
directly with the eruption over the area he describes. - 

In his text-book Kaposi again alludes to this case, and 
states that he also examined a case of herpes frontalis and 
found hemorrhage and destruction in the Gasserian gan- 
glion. We have not, however, been able to find any further 
account of this second case, and the first case, though 
frequently quoted, is valueless as a contribution to the 
pathology of herpes zoster. 

In 1879, Chaudelux (3) reported the case of a woman 
who died of phthisis many months after an attack of 
‚zoster. He says the remains of the eruption lay over the 
2nd and 8rd intercostal spaces on the left side, but gives no 
further details of its distribution. The 2nd and 8rd dorsal 
ganglia of the left side are said to have been double the 
normal size, and certain zones in these ganglia were com- 
pletely transformed, ganglion cells and nerve-tubes were 
destroyed, and their place taken by dense connective tissue. 
From the figure he gives he evidently saw the condition 
figured by us on plate 1, fig. 28. The spinal cord was de- 
stroyed in extraction, and the nerves, having been hardened 
in alcohol, gave no positive result. 
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In 1881, Lesser (12) published the first two satisfac- 
tory post-mortem examinations of cases of zoster of the 
trunk, and followed up his first communication by a second 
in 1883 (18), in which he reported a third case. In the 
first of these three cases the eruption lay over the right 
side of the neck, bounded in front and behind by the middle 
line, above by the lower jaw, and below by a line passing 
round the skoulder roughly to join the spine of the 2nd 
dorsal vertebra behind, with the third costal cartilage in front. 
This lower border dipped in front to occupy the extreme 
upper part of the anterior surface of the right arm. Death 
occurred twenty-six days after the eruption first appeared. 
The 4th cervical ganglion of the right side contained a focus 
visible to the naked eye, and situated on that side of the 
ganglion opposed to the anterior root. Microscopically, this 
focus consisted of a mass of cells surrounding what appeared 
to be the remains of a hemorrhage. The remaining ganglia, 
the posterior roots, the nerves, and the spinal cord were 
stated to be normal; but at that date no method existed by 
which the acute degenerative changes that probably existed 
could have been demonstrated. 

In Lesser’s second case the eruption appears to have 
occupied the area that we should call dorsal 8, and death 
took place about nine days after its first appearance. To 
the naked eye the 8th dorsal ganglion was very red, but not 
swollen. On microscopical examination this reddened area 
was seen to consist of a hemorrhage containing broken-down 
ganglion cells, and surrounded by a mass of inflammatory 
tissue. The case seems closely to have resembled Nos. 2, 4, 
and 5 of our series. Lesser thought that there was a similar 
though less pronounced change in the 9th dorsal ganglion, 
but he carefully states that there was no haemorrhage or 
breaking-down of nerve elements, and our experience leads 
us to suspect that he was mislead by the hyperemia not 
infrequently present in normal ganglia; for he was evidently 
unwilling to believe that one ganglion could supply the whole 
of the area occupied by the eruption. The other ganglia, peri- 
pheral nerves, and spinal cord showed no change. Admirable 
figures accompany this paper, which is the first serious con- 
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tribution to tbe pathology and localisation of zoster of the 
trunk. 

Lesser’s third case (13) died three weeks after an erup- 
tion that lay over the mamma and occupied the area we 
have called dorsal 5. On microscopical examination the 5th 
dorsal ganglion was found to be markedly altered. The 

‘nervous elements of the upper half of the ganglion were 
replaced by connective tissue, and the sheath qf the ganglion 
over this area was thickened. The peripheral nerve of this 
ganglion also showed changes, for the normal fibres were in 
‘places widely separated by fields of granular tissue. He 
states that the 4th ganglion also was altered, but that the 
4th nerve was normal. ° As, however, he gives no figures 
in this paper, it is difficult to gather the extent of these 
changes, and he admits that the 4th ganglion was not so 
carefully examined as the 5th. 

In 1883, Pitres and Vaillard (15) reported the post-mortem 
on a curious case. After mentioning a number of cases in 
which they had examined the nerves in the neighbourhood 
of bed-sores, they mention a case in which there were scars 
of zoster in the 6th intercostal space on the right side, and 
an eruption that they thought was zoster in the 11th inter- 
costal space of the same side. On microscopical examination 
they state that in the 6th dorsal ganglion nerve-fibres were 
destroyed but the cells were perfect, that there was paren- 
chymatous degeneration and some sclerosis of the 6th dorsal 
peripheral nerve and degeneration of the posterior roots of 
the 6th dorsal. They also state that the 11th dorsal peri- 
pheral nerve was degenerated and sclerosed, but that the 
ganglion and roots were normal. The cord was everywhere 
normal. In the light of subsequent experience it would 
seem that the scars in the 6th intercostal space were pro- 
bably due to an old zoster, but that the eruption in the 11th 
space cannot be classed under the heading of true zoster. 
‘However, the case is so poorly reported that it can add but 
little to our knowledge. 

In 1884, Curschmann and Eisenlohr (5) published two 
cases In which an eruption of zoster was followed by the 
development of small nodular swellings on the peripheral 
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nerves. In the first case several of these swellings were 
removed by operation. Microscopically they were found to 
consist of healthy nerve-fibres surrounded by small hemor- 
rhages, exudation of inflammatory cells and engorged cap- 
pillaries, in fact, a condition of ‘‘ perineuritis acuta nodosa.” 
This case died a year and nine months afterwards, and they 
found no change in nerves, ganglia, or cervical cord. 

They also geport a third case in which zoster appeared 
two days before death over the 11th rib and last intercostal 
space. On post-mortem examination the back muscles on 
the same side. as the eruption were found to be infiltrated 
with blood, and through this infiltration. passed-the branches 
of the 10th and lith dorsal nerves. The nerve-fibres in 
these branches were, however, unaltered, and the 10th, 11th 
and 12th dorsal ganglia and the dorsal and lumbar cord 
were normal. But it is not improbable that these observers, 
like Pitres and Vaillard, were misled by their idea that 
zoster was due to changes in the peripheral nerves. Thus 
the fact that the anterior divisions of the 10th and 11th 
_ dorsal nerves passed through the broken-down muscles, 
caused them to imagine that these nerves must have been 
the seat of the lesion in spite of the fact that their peripheral 
branches do not supply the area over which the eruption lay 
(vide our plate 17). Probably the seat of the lesion in this case 
was the 9th dorsal ganglion, which they neglected to examine. 

In 1884, Dubler (7) published the results of an examina- 
tion of two cases. Of these we will consider the second and 
more straightforward case first. The distribution of the 
eruption, which occurred 103 days before death, was as 
follows :—“‘ Rechts über den unteren Rippen und über der 
unteren Bauchgegend eine von oben hinten nach vorn unten 
verlaufende 5 cm. breite gürtelförmige Hautpartie . . 
Diese Hautveränderung beginnt hinten an der Wirbelsaüle, 
reicht vorn bis zur Mittellinie wo sie 4 Querfinger oberhalb 
der Symphyse endet. Seitlich bleibt sie 3 Se von 
der Spina Anterior Superior entfernt.” 

Microscopically the spinal cord was normal. The 9th 
dorsal ganglion showed interstitial changes, degeneration of ` 
nerve-bundles and small pin-point hemorrhages and dots. 
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The 8th and 10th dorsal ganglia were normal. The 9th 
intercostal nerve and 9th dorsal roots were degenerated, and 
` there was a small amount of degeneration in the 10th inter- 
costal nerve. 

Dubler’s first case is less clear owing to the fact that the ` 
patient had tubercular necrosis of several ribs. The erup- 
tion seems to have occupied the area we have called the 8th 
dorsal, and the patient died 144 days after ite first appear- 
ance. On the 7th, 8th and 9th ribs were caseous masses, 
due to necrosis of the bone. The 6th, 7th, 8th and 9th 
intercostal nerves passed through these swellings. A few 
‘ nerve-fibres were degenerated in the anterior division of the 
7th intercostal nerve; there was marked degeneration in the 
posterior and anterior primary divisions of the 8th inter- 
costal nerve, and slighter degeneration in the anterior 
. division of the 9th intercostal. Ganglia, cord: and posterior 
roots were said to be normal at the level of the 6th, 7th, 8th 
and 9th dorsal. 

In 1887, Leudet (14) pabbshed a somewhat superficial 
paper in which he mentions a case of herpes frontalis 
where he found an old inflammatory process in the frontal 
nerve, and a degenerative condition of the Gasserian 
ganglion. 

Thus up till the time we began to investigate the path- 
ology of herpes zoster there had been two well reported 
. autopsies on cases of zoster ophthalmicus [Sattler (16), 
Wyss (19)], and five satisfactory reports on zoster of the 
trunk (Lesser, three excellent cases (12 and 13), Chandelux, 
one fairly reported case (3), Dubler, one excellently reported 
case (7)]. 

. To these we now add twenty-one cases at all stages after 
the eruption. 


Part I.—Tas PATHOLOGY or Zoster. 


Chapter 1.—Changes in the ganglion of the Posterior Root. 


If the patient has died with the eruption still out upon his 
skin the affected ganglion will be found to be in a condition 
of profound inflammation. The interstitial tissue will be 
crowded with small round cells which stain deeply with 
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methylene blue and other nuclear dyes. Here and there 
these inflammatory cells may be closely massed into clumps, 
and such foci may be scattered round the periphery anda in 
the central tissue of the ganglion. 

If these foci of inflammatory cells are examined in serial. 
sections they will occasionally be found to be situated 
around extravasated blood which has undergone more or 
less change acgording to the length of time at which death 
has occurred after the first appearance of the eruption. 

But not infrequently the hemorrhage is of much 
greater extent and produces changes that are noticeable 
without the aid of the microscope. 

. In Case 1, where the patient died only three days after 
the outbreak of the eruption, the whole centre of the ganglion 
is ploughed up by a large hemorrhage, and this condition 
produced an alteration in consistence that attracted atten- 
tion as soon as the ganglion was fixed. In both Case 2 


_ and Case 5 a swollen condition of the peripheral nerve close 


‘to the ganglion was noticeable at the autopsy. Thus'the 
‘intensity of the inflammation in the interstitial tissue of 


the ganglion is such that blood is extravasated, it may be 
only as a microscopic hemorrhage or it may be in sufficient 
quantity to produce an actual swelling of the affected part. 

The inflammation and hemorrhage are situated in the 
dorsal aspect of the ganglion, t.e., in that portion opposed 
to the anterior root. The ganglionic substance may be 
destroyed to a greater or less extent, but if haemorrhage 
has occurred at all we have always found it iw the dorsal 
half of the ganglion. 

In the centre of these haemorrhagic foci the ganglion | 
cells are absolutely destroyed. But in the surrounding zone 
of small round cells the remains of ganglion cells can be 
generally seen in the form of pale masses, which do not 
stain with methylene blue, but stain strongly with safranin. 
Further, towards the periphery of these inflammatory foci 
some ganglion cells usually appear, when stained by Nissl’s 
method, as dark blue lumps without any differentiation of 
structure. ; 

In some cases the nuclei of the ganglion cells seem 
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swollen and, by Nissl’s method, stain of a uniform blue colour, 

‚which is so intense that no nucleolus and no trace of the 
normal reticular arrangement of the nucleus is recognisable. 
Such nuclei retain their colour so firmly that they are still 
well stained’ when all other structures have given up the 
dye. In van Gieson preparations these nuclei appear of a 
dark brown colour, and with Ehrlich’s hematoxylin they 
assume a uniform deep purple. ë l 

The substance of the bodies of these cells has a uniform 
blurred appearance, entirely devoid of definite structure, and 

the chromophilic particles of Nissl are completely obscured. 

l Such are the changes found in the cells of the posterior 
root. ganglion, starting from within the hemorrhagic centre 
of an inflammatory focus and working outwards towards the 
periphery. The extent to which the cells show one or other 
of these changes varies in different cases. 

But in the affected ganglia many cells are usually seen 
which show no noticeable alteration, and in no instance of 
spontaneous zoster have we been able to see those minor ' 
.chromatolytic changes that are so commonly present in 
degenerative diseases of the nervous system. The inflamed 
ganglia show no ganglion cells with extruded or excentric 
nuclei with vacuolation or partial disappearance of Nissl’s 
particles. Thus, where such conditions were present in 
addition to the herpetic lesion as in.No. 15 (a case of 
fractured spine), or in No. 14 (a case of malignant disease), 
the contrast to the conditions usually seen in herpetic 
ganglia was most instructive. 

Over that portion of the ganglion which is inflamed the 
sheath generally shows similar changes. The vessels are 
engorged and occasionally blood may be extravasated, but 
in all cases where the inflammation in the ganglion was severe 
the sheath was invaded by multitudes of small round deeply 
staining cells. l 

On account of the severity of these inflammatory changes 
in the ganglion it is difficult, even in the serial sections at 
our disposal, to select any individual artery to an interference 
with which the focal lesion can be ascribed. But in one 
acute case (No. 4) an arterial branch, entering at the distal 
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pole of the ganglion and proceeding towards the lesion, 
differed from similar vesssls in the normal part of the gan- 
glion in that an abundance of extruded leucocytes occurred 
along its course. With lapse of time the identification of 
such an artery becomes increasingly impossible. 

If not severe, the inflammation may pass away and 
leave no recognisable change behind in the ganglion. In 
Case 20, wherg the eruption was scanty and the inflamma- 
tion of the skin not severe, no changes could be found 139 ` 
days after it first appeared. 

But the greater the severity of the eruption, and the 
profounder the scarring it leaves behind it, the more cer- 
tainly will permanent changes be found in the posterior 
root ganglion. Thus out of thirteen cases that were 
examined between 57 and 790 days after the eruption 
appeared, eleven showed obvious microscopical evidence of 
a past inflammation in the posterior root ganglion. 

As soon as the virulence of the inflammation has 
expended itself absorption’ begins. Round cells are seen 
within the capsule of each dead ganglion-cell, apparéntly 
eroding it. In one case (No. 15) it seemed as if some 
of these scavenger cells might have been derived from 
the cells of the.capsule of the ganglion cell itself. 

The effused blood undergoes retrogressive changes, and if 
not completely removed remains only as a mass of brownish 
granular deposit in the centre of the scar tissue. (Cases 8, 18 
and 19). For ultimately the focus of inflammation becomes 
converted into fibrous tissue, and the density and extent of . 
this scar depends on the s=verity and extent of the original 
inflammation. Usually the final result is a scar occupying 
from one-sixth to a half of the ganglion. Within this area 
all ganglion cells and nerve-fibres are destroyed, and no 
structure remains to show where they once existed. But 
in several cases a few healthy ganglion. cells, and still more 
often a few healthy nerve-fibres, can be seen sonttergd in 
the scar tissue. 

Over this scar in the ganglionic tissue, the sheath is 
thiċkened and altered in appearance (plate 1, fig. 2B, plate 6, 
fig. 2). The sheath of a normal ganglion is made up of 
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crescentric layers of fibrous tissue separated from one 
another by lymph spaces, and presents on section some- 
what the appearance of the sheath of an onion. Over the 
sclerosed patch in the ganglion this appearance is lost, and 
the sheath becomes converted into an almost homogeneous 
mass of dense fibrous tissue. The sheath may become 
three times the thickness of the normal, and present a 
curious non-lamellated appearance, in marked contrast 
to the normal wavy appearance of the remainder of the 
_ sheath. ~ 

The sclerotic changes in the ganglion and its sheath 
are well shown on plate 1, fig. 2B, which represents the 
“affected ganglion in a case that died 153 days after the 
eruption came out. The affected portion of the ganglion 
stains a brilliant red colour with van Gieson’s picro- 
hematoxylin method in marked contrast to the purple red ` 
colour of the ganglion of the opposite side (plate 1, fig. 2a), 
which contained its normal complement of nerve-cells and 
fibres. 5 “und 

Now such a condition obviously corresponds to what 
‚ might have been expected to result from an acute condition, 
such as that shown on plate 1, fig.1. _ 

Thus, in conclusion, the acute changes found in the 
ganglion in a case of herpes zoster consist of an (1) Ex- 
tremely acute inflammation with the exudation of small 
round deeply-staining cells; (2) Extravasation of blood; 
(3) destruction of ganglion cells and fibres ; (4) inflammation 
of the sheath of the ganglion. 

If severe such a condition ultimately leaves a scar in 
that part of the ganglion affected and leads to thickening 
of the sheath above the affected area. On the other hand 
if the eruption has not been severe all traces of the inflam- 
mation present, in the acute stage may pass away, leaving 
. the ganglion apparently normal. 


x 


Chapter 2.—Changes in the Posterior Nerve-Roots. 


It is obvious that with,so considerable a destruction in 
the posterior root ganglion secondary degeneration must 
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occur in the posterior nerve-root to an equivalent extent. 
In fact we are here dealing with a lesion as strietly localised 
as that of any experiment. 

Moreover, as death occurred at the most varied intervals 
after the outbreak of the disease, we had the opportunity 
of learning the length of time that is required for a nerve- 
root to degenerate after partial destruction of the ganglion. 

In Case 2 death occurred eight days after the first ap- 
pearance of the eruption, and here no change could be found 
. In the posterior roots on careful examination by Marchi’s 
osmium bichromate method. 

Thirteen days after the eruption first appeared in Case 4, 
profound degeneration was present in the posterior roots, 
and it is probable that this degeneration begins to make its 
appearance ten days after the appearance of the eruption. 
For although the posterior roots could not be examined in 
Case 3, the degeneration in the root after it had entered the 
spinal cord was so profound that it was probably degener- 
ated in its extraspinal course. This case died on the 
eleventh day after the eruption began to appear. 

This degeneration is of the usual acute type, and by 
Marchi’s method is seen to consist of a profound disintegra- 
tion of the myelin sheath. The broken-down sheath stains 
deep black, and black dots can be seen lying in rows like 
broken beads within the primitive sheath (plate 16, fig. 1). 

In the earlier cases fibres are also seen in which the 
normal cylinder of medullated substance has been replaced 
by collections of black or dark brown globules. The ground- 
work of the medullary sheath of these fibres stains of a pale 
gray colour, and in it are distributed crowds of coarse re- 
fractile dark brown granules, which occasionally occur in 
lines or fusiform clumps. : These fibres, swollen in some 
places and contracted in others, have a wavy outline. 

This acute change seems to have reached its height 
by about the fifteenth day after the appearance of the 
eruption. The products of acute degeneration are then 
gradually cleared away, and if the destruction has been 
profound, fibrous tissue takes the place of the destroyed 
nerve-fibres. If, however, the degeneration has not been 
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of considerable extent, this disappearance of the. products 
` of acute destruction may produce no recognisable change in 
the posterior root. 

However, the extent of the acute lesion is usually suffi- 
ciently great to cause a noticeable increase of connective 
tissue in one or more bundles of the posterior root. ' 

Thus fifty-seven days after the eruption this secondary 
sclerosis was already quite evident (Case 6), but one hundred 
and fifty-three days after the eruption (Case 9) the last 
remains of the products of acute degeneration could still 
be seen amongst the secondary fibrous tissue. After two 

‘hundred and seventy-two days (Case 10), all signs of acute 
degeneration had disappeared, but the sclerosis was well 
marked, more than one half the posterior root being 
replaced by fibrous tissue. , 

If the lesion has been severe the fibrous tissue becomes 
less ‘vascular and finally settles down into permanent scar 

. tissue, clearly visible seven hundred and ninety days after 

the eruption (Case 13). 

Thus the changes we have found in the posterior nerve-. 
root corresponded to’ the results that might have been 
expected from the lesion of the ganglion. They consisted 
of an acute degeneration followed by a greater or less 
amount of secondary sclerosis according to the severity of 
the acute destruction. l 

The anterior root was in all cases normal. - 


Chapter 3.—Changes in the Peripheral Nerves. 


As might have been expected a lesion of the ganglion 
such as we have described produces marked secondary 
degenerative changes in the fibres that enter the posterior 
root ganglion. In the mixed trunks of the peripheral nerve 
close to the ganglion these acutely degenerated fibres stand 
out clearly (when stained by Marchi's method), against the 
normal fibres of the anterior root. The number of these 
degenerated fibres varies considerably with the severity of 
‚the ganglionic lesion. It is best studied in the simpler trunks 
of the mid-dorsal region rather than in the more com- 
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plicäted anastomoses of the cervical and upper lumbar 
regions. ` . 

Eight days after the eruption (Case 2) no acute degene- 
ration could. be found in the peripheral nerves in connection 
with the affected ganglion, but thirteen days after (Case 4) 

` degeneration was present to a marked degree. 

By Marchis method the degenerated fibres, show the 
same breaking up of the myelin sheath and irregularity of 
outline already described when considering the changes: in 
the posterior roots, appearances identical with those seen 
after an experimental lesion. 

Both posterior primary and anterior primary divisions 
are markedly affected, but the number of degenerated fibres 
in the posterior primary division always appears to be 
greater, probably owing to the almost entirely afferent 
nature of this branch in the dorsal region. 

This degeneration can be traced right back to the fine 
twigs which pass upwards into the skin to supply the area 
over which the eruption is distributed. 

‘With time the products of degeneration are removed 
from the peripheral nerve, and if the ganglionic lesion is 
not severe it may be impossible to be certain of any 
abnormality in the peripheral nerves. On the other hand, 
if the lesion has been a severe one the nerve-fibres that 
have degenerated are replaced by fibrous tissue and whole 
bundles of the nerve may be sclerosed (plate 16, fig. 3). 

This sclerosis was evident in Case 18 thirty days after the 
eruption but, on the other hand, Marchi’s method still 
showed some remains of acutely degenerated fibres 100 days 
after the eruption alongside the sclerosis (Case 8). The 
sclerotic change, once established, is permanent, and was 
visible 790 days after the eruption (Case 18). 

Thus, in the peripheral nerves degeneration seems to 
appear, to disappear and to be replaced by sclerotic changes 
at the same periods after the initial lesion in the ganglion, 
as was the case with the posterior roots. 

So far we have treated the peripheral nerves as if they. 
were not affected by any condition other than that of 
degeneration secondary to the ganglionic lesion. But in 
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two of our cases hemorrhage and inflammation occurred 
not only in the ganglion, but in the peripheral nerve in con- 
nection with it. In Case 2 this hemorrhage extended for 
about 1 cm. down the course of the combined peripheral 
trunk, which was swollen until its diameter was that of a 
normal ganglion (vide also Case 4, plate 8, figs. 3 and 4). 


Chapter 4.—Degeneration in the Spinal Cord. 


When a posterior root ganglion is excised, or a posterior 
root divided experimentally, acute degeneration takes place 
in those fibres which, entering the spinal cord by that 
root, run upwards in the posterior columns. Thus it is 
not surprising that such lesions of the ganglion as we have 
described in the previous section should be attended by acute 
degeneration of the root-fibres in the. posterior columns of 
the spinal cord. 

This degeneration probably appears about the ninth or 
tenth day after the eruption. For in Case 2, although the 
ganglionic lesion was an extremely severe one, no degenera- 
‘tion had made its appearance in the spinal cord eight days 
after the eruption. On the other hand, in Case 3 acute 
degeneration was present to a marked degree eleven days 
after the first appearance of the eruption. Thirteen (Case 4) 
and fourteen days (Case 5) after the eruption first appeared 
this degeneration was extremely well marked and appeared 
to have almost reached its full development. 

When dealing with the similar degeneration in the fibres 
of the posterior roots we drew attention to the rapidity with 
which the products of this acute degeneration were removed 
and replaced by secondary fibrous tissue. In the spinal 
cord, on the other hand, the products of acute degeneration 
are removed much more slowly. Thus, fifty-seven days 
after the eruption in Case 6, the products of degeneration 
in the posterior roots showed signs of absorption, and these 
roots were already considerably sclerosed. But the degene- 
ration in the spinal cord was extremely well marked and 
the degenerative material that stains black with osmic acid 
showed no signs of absorption. In the same way in Case 18 
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the products of degeneration in the root of the Gasserian 
ganglion showed marked absorption, with the deposition of 
secondary fibrous tissue, thirty days only after the outbreak 
of the eruption. Yet the degeneration in the medullary or 
descending root of the 5th nerve was profoundly marked 
and showed no signs of absorption. 

One hundred and fifty-three days after the eruption 
(Case 9) the acute degeneration in the spinal cord was still 
profoundly marked, but in 272 days it had disappeared. 

Unfortunately we possess no case between 153 and 272 
days after the eruption, and cannot therefore say the earliest 
date at which the acute degeneration is cleared away ; for in 
Case 9 the degeneration showed no signs of diminution, and 
in Case 10 it had gone. But in Case 19, where the eruption 
lay over the ophthalmic division of the trigeminal, no signs 
of acute degeneration could be found in the pons or medulla 
190 days after the eruption first appeared. This case is, 
however, open to the objection that the scarring was slight 
and the lesion in the ganglion not severe. 

When the degeneration is cleared away from the spinal 
cord it leaves no perceptible sclerosis behind it, probably 
owing to the relatively small number of fibres destroyed. 
Thus, 272 (Case 10), 481 (Case 11), 515 (Case 12), and 790 
(Case 13) days after the eruption no abnormal changes of any 
kind could be found in the spinal cord that could be referred 
to the herpetic lesion. 

The course followed by the degenerated fibres in the 
spinal cord is exactly that which might have been expected 
from the known results of experimental division of posterior 
roots. Where the pencils of the degenerated posterior root 
penetrate the spinal cord there is a brief length where there 
is no marked blackening of the fibres. For, as Obersteiner 
has shown, the medullary envelope of each fibre is here 
reduced to small proportions. But centralwards of this 
point degenerated fibres can be seen in a transverse sec- 
tion running for a short distance along the inner margin 
of the tip of the posterior cornu. This field of degenera- 
tion hugs the posterior horn, and the degenerated fibres are 
most numerous opposite the substantia gelatinosa Rolandi. 
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Thence the field tapers inwards, to end about two-thirds of 
the way along the posterior horn. 

' In the centre of the gray substance of the posterior horn, 
immediately ventral to the substantia gelatinosa, a few de- 
generated fibres are usually seen cut transversely and appa- 
rently of small calibre. 

In longitudinal sections pencils of degenerated fibres can 
be seen streaming inwards to join a mass of degeneration 
that ascends the cord in the root zone of the posterior 
column (plate 15, figs. 1 and 2). This stream of degeneration 
contains fibres of both small and large calibre. 

One segment below the entry of the diseased root a few 
fibres can be seen cut transversely and scattered irregularly 
in the root zone close to.the posterior horn. These descend- 
ing collaterals are fewer in number than we expected, so few 
in fact that they must be looked for carefully in order to be 
seen at all. Two segments below the entry of the diseased 
root we have also seen a few scattered degenerated fibres, 
but sometimes we have not been able to be certain of any 
degenerated fibres at this level. 

Tracing the field of degeneration upwards we find that 
one segment above the entry of the degenerated root the 
blackened fibres lie entirely in the root-zone of the posterior 
column, and the posterior horn is clear of degeneration. The 
subsequent destination of the field of degenerated fibres 
varies according to the position of the affected ganglion. 

In Case 7 where the 2nd dorsal ganglion was affected 
and the eruption lay over the inner aspect of the arm, the 
degenerated fibres in the spinal cord can be clearly followed 
up to the inner portion of the nucleus cuneatus in the 
medulla. At the level of the 1st dorsal root they lie on the 
inner aspect of and apparently in direct contact with the 
posterior horn. At the level of the 8th cervical they are 
separated from the horn by a thin band of normal fibres. 
At the level of the 6th cervical they form a tiny triangle 
with its base on the external (dorsal) surface of the postero- 
external column and its inner side in close opposition to 
the inter-columnar septum. In this position they can 
be followed up the spinal cord, gradually decreasing in 
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number, but a remnant can be clearly traced into the inner 
portion of the nucleus of the funiculus cuneatus (plate 10, 
fig. D. 

"We have examined no case in which the eruption was 
situated entirely over the leg. But in two of our cases 
(No. 4 and No. 8) the eruption lay over the area of the 
12th dorsal, the highest to send branches to the front of 
the thigh. Fortunately one of these cases (No. 4) is an 
early (13 days), the other (No. 8) a late (100 days) example 
(plate 12, figs. 1 and 2). 

At the level of the 10th dorsal root ‘iW segments above 
the entry of the diseased fibres, the degeneration forms a 
strip separated by a distinct interval from the posterior horn, 
reaching internally to a point -almost opposite Clarke’s 
column. In the central portion of this strip the fibres are 
more closely packed than in the outer portion. Higher up, > 
at the level of dorsal 9, the degenerated fibres have shifted 
further inwards towards the middle line and are mainly 
situated in the inner half of the postero-external column. 
This strip begins in the neighbourhood of Clarke’s column 
and extends as before to the periphery, but the degenerated 
fibres are still more closely packed in that part nearer the 
central portion of the cord. Two segments higher (dorsal 7) 
a small number of the fibres of this strip lie in the outer 
portion of the postero-internal column (Goll). Thus as they 
ascend the cord the degenerated fibres are gradually pushed 
inwards, diminishing in number on their upward journey. 
At the level of dorsal 6 (Case 8), 150 degenerated fibres were 
counted as opposed to 210 at the entry of the affected root. 
At the level of dorsal 3 the strip of degenerated fibres lies 
on the inner side of the boundary separating the postero- 
internal from the postexo-external columns. At the level 
of cervical 7 the central half of this strip lies against the 
postero-median septum, whilst that half nearer the peripheral 
portion of the cord lies along the outer border of the postero- 
external column. In Case 8 the degeneration cannot be 
followéd higher than this level, but in Case 4 a few degene- 
rated fibres can be seen two segments higher (cervical 5). 

Thus in a suitable case, where the area of the eruption 
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extends on to the arm, the degenerated fibres can be followed 
in the cord. from the root zone to the postero-external 
column, and by this path up to the nucleus of this column, 
the nucleus cuneatus. Where, on the other hand, the erup- 
- tion lies on the leg, the field of degeneration passes into the 
postero-internal column, and one half of the field finally 
lies against the posterior median septum. As the two 
cases we have examined were both instances of dorsal 
12, the highest area that touches the leg, fhe more peri- 
pheral portion of the degenerated field is seen to lie at 
the juncture of the postero-internal and postero-external 
columns. 

So far the degeneration we have observed in the spinal 
cord, secondary to the herpetic lesion of the ganglion, exactly 
confirms the results of experiments on animals. For the 
postero-internal column (Goll) in the cervical region, has 
been shown experimentally to consist almost exclusively 
of fibres from the leg, the postero-internal (Burdach) of 
fibres from the arm. But when the-lesion lies in a ganglion 
of the dorsal region, between the 3rd and the 11th dorsal, 
this secondary degeneration in the spinal cord follows a 
somewhat different course. 

This difference in behaviour is exemplified in Case 9. 
The degenerated fibres are seen to enter at the 7th dorsal 
root, and one segment above occupy the root zone adjacent 
to the posterior horn. They diminish in number on their 
upward course, and come more towards the periphery of 
the spinal cord, to disappear entirely at the level of the 
1st dorsal. In the same way the degenerated fibres that 
enter at the 6th dorsal root in Case 3, disappear at the 
level of the 1st dorsal. 

Thus, whereas a lesion at the level of the 12th dorsal - 
will produce a degeneration which ascends fourteen seg- 
ments, a lesion at the level of the 7th dorsal will cause 
degeneration, which ascends only five segments. This can- _ 
not be due to the length of time that has elapsed, for in 
thirteen days (Case 4) a lesion of the 12th dorsal ganglion 
had caused degeneration that ascended to the level of the 
5th cervical, whilst in fourteen days (Case 5) a lesion of the 
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Gth dorsal ganglion produced degeneration that ceased at 
the level of the 1st dorsal. 

The following table illustrates this difference Bekwent 
the behaviour of the root fibres in the dorsal as opposed 
to the limb areas :— 





























Lesion, | erent Bereler Ssondary | Number aÈ | Duration 
—n — a: 
Case 7.  .. | Dorsal 2 Nucleus Cuneatus PR 10 96 days. 
Case 3 . | Dorsal 6 | Dorsall .. X ie 6 14 days. 
Case 9 > | Dorsal 7 | Dorsal 1... a = 7 153 days. 
Case 5 |.. | Dorsal 11 | Dorsal 6 .. u a 6 -| 14 days. 
Case 8 . | Dorsal 12 | Cervical 7 iz 2 14 100 days; 
Case 4 . | Dorsal 12 | Cervical 5 a a 16 13 days. 











This difference of behaviour shows that the posterior 
roots in the dorsal region containing as they do afferent 
fibres from the trunk, consist mainly of short fibres which 
do not form a part of either the postero-internal or the 
postero-external columns in the cervical region of the 
spinal cord, whilst the long fibres that form these columns - 
come almost exclusively from the leg and the arm yeapeor 
tively. 

This fact with regard to the constitution of the roots in 
the dorsal region seems to have escaped experimenters, and 
is of interest in conjunction with the observations of 
Miinzer (86), who found that division of the postero- 
internal and postero-external columns in the cord caused 
no loss of conduction of pain stimuli, but that destruc- 
tion of the root zones when the postero-external and 
internal columns remained intact, abolished the conduction 
of painful impressions. 


Chapter 5.—Zoster of the Trigeminal. 


We pointed out in the Introduction that the first satis- 
factory report on the post-mortem appearances in zoster 
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was given by Sattler (16) on a case of so called herpes 
ophthalmicus. He found an inflammiatory lesion with 
heemorrhages destroying both the nerve-cells and fibres of 
the Gasserian ganglion. 

We can confirm his statement from the examination of 
two cases of zoster within the territory of the trigeminal 
nerve. 

One of our earliest cases (Case 19) was a typical supra- 
orbital zoster, covering the whole of the first or ophthalmic 
division of the trigeminal nerve, excepting only that the 
eruption did not extend to the side of the nose. Death 
occurred 190 days afterwards, and the Gasserian ganglion 
showed what appeared to be the remains of an old hæmor- 
rhage with some destruction of nerve-cells in that portion 
corresponding to the first division. 

The root bundles of the affected ganglion showed an 
appearance that made it probable that a few of them were 
sclerosed, but there was no acute degeneration in any part 
of the central nervous system referable to the lesion in the 
Gasserian ganglion. 

In Case 18 death took place thirty days after the out- 
break of the eruption, and we found here ali the changes, both 
. ganglionic and degenerative, which we have described in 
cases of zoster affecting the body. In this case an eruption 
of the zoster type lay over the right lower jaw, limited 
absolutely to one side of the face. Fig. 18 shows how com- 
pletely this eruption followed the anatomical distribution of 
the third or maxillary division of the trigeminal nerve. At 
death a few lightly scabbed scars were still present over the 
temporal portion of this trunk. 

A comprehension of the position of the ganglionic lesion 
in this case will be facilitated by considering the Gasserian 
ganglion as a triangle, from the inner angle of which the 
greater part of, the central root-fibres come off. At the 
preaxial angle of this triangle the first or ophthalmic divi- 
sion, and at the postaxial angle the third or maxillary divi- 
sion, enters the ganglion. A focus of destruction is seen. 
(plate 9), running almost parallel with the. postaxial side 
of the triangle directly dorsal of the position of the 
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motor root; that is to say, it occupied that portion of the 
ganglion which stands in direet relation with the maxillary 
branch. l 

This focus is roughly oval in transverse section. Its 
greatest transverse diameter is 1'275 mm. ; its greatest 
vertical diameter 0'765 mm. It appears to be made up of 
a large central nucleus containing brown material, obviously 
the broken-down remains of a hemorrhage and the débris 
of destroyed nerve-cells. This is surrounded by an area 
abundantly occupied by small round cells and enveloping 
this area, extending up to the pia on the free surface; and for 
some distance into the ganglionic substance is a wider zone 
densely infiltrated with small round cells in which remains 
only of nerve-cells and nerve-fibres can be seen. The 
remainder of the ganglion is healthy. 

Thus we here find an exact reproduction of the familiar 
lesion in the posterior root ganglion, and just as the sheath 
of the spinal ganglion tended to become implicated in the 
lesion, so over this focus in the Gasserian ganglion the pia 
shows signs of thickening and infiltration. 

Secondary to this lesion there is some degeneration in 
the root of the fifth nerve. It is principally confined to 
three small fasciculi lying at the periphery of the transverse 
section opposite to the motor root. But although the lesion 
is only thirty days old much of the black material of the 
broken-down medullary sheaths is already cleared away and 
sclerotic changes are well advanced; but in the pons and 
medulla the degenerated fibres still stain by Marchi’s 
method, just as if they were freshly degenerated. Thus 
here, again, the intramedullary and extramedullary portions 
of the central projection of a neuron behave exactly as in 
the spinal cord, and the products of degeneration are re- 
moved much more rapidly from the root than from the 
central nervous system. 

In the pons the so-called ‘‘ descending” or cerebral root 
is completely free from degeneration, thus confirming the 
usually accepted view that this is the central portion of the 
motor root. 

The so-called “ascending” or spinal root shows acute 
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degenerative changes. At the point of entry into the pons 
a few scattered degenerated fibres are seen in all the bundles 
of the root, but in the outer portion 2-3 fasciculi are gravely 
affected. These fibres can be followed into the pons, and 
appear, when close up to the nucleus, to curve abruptly 
downwards external and ventral to the nucleus (plate 13, 
fig. 3). 

More candalwards, as soon as the sensory bundle has 
formed into its pear-shaped area, the degenerated fibres are 
seen to lie almost entirely in the upper two-thirds of this 
‘pear-shaped tract. The lower one-third is practically free 
from degeneration (plate 18, fig. 6). 

No fibres cross to the opposite side. At the level of the 
seventh nucleus the fibres are cut transversely instead of 
somewhat obliquely, and they he almost entirely in the 
‘upper two-thirds of the pear-shaped field. 

Opposite the great olive the degenerated fibres are less 
numerous, but are still situated in the upper two-thirds of 
the field. , 

Opposite the main decussation of the fillet the root lies 
between the dorsal half of the substantia gelatinosa Rolandi 
and the surface. Here the degenerated fibres again lie in 
the dorsal portion of the field and the ventral portion is 
practically free from degeneration. 

Opposite the Ist cervical root the degeneration is in- 
distinct, but in the most dorsal portion of the substantia 
gelatinosa an obvious collection of black dots is seen not 
represented on the opposite side. 

Thus we can state for certain that in man the third 
division of the trigeminal is connected with cells in the 
Gasserian ganglion which send fibres centralwards to lie 
in the so-called “ascending” or spinal root. They occupy 
the dorsal two-thirds of this bundle almost exclusively. 

Now the second division of the trigeminal is closely 
allied to the third division in nature and function in that 
both supply structures derived from the arches that enclose 
the first gill slit [vide Head (28), p. 476]. It is therefore 
probable that the remaining undegenerated fibres of the 
spinal root of the trigeminal belong to the second division. 
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On the other hand, the first or ophthalmic division 
stands apart from the other two branches in ‘its curious 
participation in visceral pain referred from organs of the 
thorax and abdomen. Thus it is possible that the central - 
projection of the cells which give rise to this division may 
end around the upper sensory nucleus of the trigeminal 
nerve. For in the case we have just described the fibres 
which pass to end around this nucleus do not show any 
obvious signs of degeneration. 

In conclusion, we may state that zoster of the branches 
of the trigeminal is associated with a similar lesion in the 
Gasserian ganglion to that found in the posterior root gan- 
glia in cases of zoster of the trunk and limbs. - 

This lesion causes secondary degeneration in the sensory 
root of the Gasserian ganglion both in its extra- and intra- 
medullary course. 


Chapter 6.—Zoster secondary to implication of the Ganglion 
in General Disease Processes. 


In all the cases that we have so far considered, zoster 
has arisen as a primary manifestation. Some agent of the 
nature of which we are ignorant chooses the substance of 
the posterior root ganglion for its selective activity, pro- 
ducing profound inflammatory changes. These destructive 
changes in the ganglion produce irritation of its nerve 
elements, and to this irritation is due the eruption on the 
skin. 

Now it is interesting to find that acute inflammation of 
a posterior root ganglion, due to its implication in some local 
inflammatory process, car. apparently produce an herpetic 
eruption indistinguishable from an eruption which arises 
as manifestation of the acute specific disease. 

It is well known that when the secondary deposits of 
malignant disease attack the spinal column the pain pro- 
duced becomes intense. This is due to the implication of 
the central portion of the peripheral nerve-trunks and the 
nerve-roots in the new growth. Itis, however, less a matter 
of common knowledge that an eruption indistinguishable 
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from that of zoster may also make its appearance. Charcot 
and Cotard (4), gave a very insufficient report of such a 
case in 1865, but we can find but one other paper dealing 
with this subject [Risel (88)]. ` 

In Case 14 of our series, a man of 40 suffered from 
lympho-sarcoma that affected all the large groups of 
lymphatic glands. Seventeen days before death he 
developed a severe herpetic eruption over the 4th dorsal area. 
On post-mortem examination the mass of glands in the 
posterior mediastinum was profoundly affected by new 
growth and this growth had invaded the spine, passing 
inwards along the great peripheral nerve trunks into the 
foramina. The upper seven dorsal foramina on the right 
side, the side of the eruption, all contained new growths, 
which surrounded the ganglion and posterior roots. In most 
cases the posterior roots had suffered and showed degenera- 
tive changes, as might have been expected from their delicate 
structure; but only one of the ganglia showed any inflamma- 
tory change. In most cases the tough sheath had resisted 
invasion by the new growth that could be seen in the 
periganglionic connective tissue. However, it was noticed 
at the post-mortem examihation that the 4th dorsal ganglion 
of the right side was entirely concealed in the mass of new 
growth that filled the foramen in which it lay, and the 
contents of the foramen were therefore removed in their 
entirety. When the mass so obtained was hardened and 
cut, if was at once obvious that the ganglion lay in the 
centre like the stone of a plum. Microscopically the whole 
ganglion is infiltrated with small round cells, which stain 
profoundly with methylene blue (Nissl’s method). So 
deeply do these cells take the dye that the whole ganglion 
may be decolourised and yet they remain overstained. 
Where these cells are most thickly crowded together 
remains of ganglion cells can be seen as white or greenish 
blue discs with an unstained nucleus and quite undiffer- 
entiated. These cells take the counter-stain erythrosin 
readily, and appear as pink undifferentiated bodies in the 
centre of a mass of small round deep blue inflammatory 
cells. Where the inflammation is less intense the ganglion 
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cells either stain as uniform blue masses or they show 
marked chromatolytic changes. The body of*such cells 
presents a granular appearance, Nissl’s particles have dis- 
appeared and large light patches may be present in the 
protoplasm when stained by Nissl’s methylene blue method, 
` The nucleus is excentric and appears in some cases to have 
been extruded. In fact, the changes in these cells are those 
seen in any cell containing portions of the nervous system 
from which the blood supply has been cut off [Sarbö (39). 
Mott (84)]. 

Thus the 4th dorsal ganglion in this case, lying in the 
centre of a mass of new growth, showed firstly a profound 
inflammatory change in the interstitial tissue, and secondly 
changes in the ganglion cells, which ranged from absolute 
destruction to those chromatolytic changes which we have 
now learnt to associate with profound disturbance of vital 
activity. 

It is of course possible that this condition was due to 
the same ‘specific toxic influence that produces primary 
zoster, and that the condition of the 4th dorsal ganglion, 
surrounded as it was by new growth, laid it particularly 
open to attack by the specific disease process. But it seems 
far more probable that in this case the zoster was directly 
produced by the secondary inflammation produced in the 
ganglion by the new growth. It is also certain that so 
considerable a mass of malignant growth in the foramen 
must have interfered materially with the blood supply. 

In the next case of our series (Case 14) we believe the 
zoster that made its appearance shortly before death to 
have been due to direct interference with the ganglion in 
consequence of injury to the spine. 

A man of 36 was struck on the back by a descending 
lift, and immediately lost motion and sensation below the 
umbilicus. The analgesia was sharply limited by the upper 
borders of the 10th dorsal area, but above this area lay a 
band of intense hyperalgesia, corresponding to the 7th, 8th 
and 9th dorsal areas on both sides. Six days before his 
death a small patch of. herpetic eruption appeared over the 
tip of the ninth and tenth costal cartilages. 
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On post-mortem examination the transverse processes of 
the 11th dorsal vertebra were found to have been fractured, 
and the 11th and 12th dorsal vertebra had gone bodily 
backwards. ‘The 10th, lith and 12th dorsal ganglia on 
both sides were surrounded by a mass of inflammatory 
tissue, and the posterior roots were destroyed partly by 
actual trauma, partly by inflammation. These changes 
exactly corresponded with the analgesia discovered during 
life. ‘ l 

But in addition to these direct traumatic changes, the 
cells of the 8th, 9th, 10th, 11th and 12th dorsal ganglia on 
both sides showed profound chromatolytic changes. Thus 
the. disturbance of the ganglion cells was not limited to 
those ganglia which were implicated directly in the injury 
(10th, 11th, 12th dorsal), but also extended to the 8th and 
9th dorsal, which were not surrounded by inflammatory 
tissue. Moreover, the 7th, 8th and 9th dorsal posterior 
roots on both sides showed a curious alteration, in that their 
medullary sheaths were swollen, their vessels were engorged, 
and leucocytes were freely extravasated with the connec- 
tive tissue between the nerve-fibres. We believe that these 
changes in the ganglia are probably due to interference 
with their vascular supply, and account for the hyper- 
æsthesia that was present over the 7th, 8th and 9th dorsal 
segments. 

Lastly, the 9th dorsal ganglion stood alone in showing a 
small focus of inflammatory small round cells situated close 
to the point where the central vessel of the ganglion gives 
off its lateral branches. This focus is an extremely small 
one and can only be taken to explain the small patch of 
zoster that appeared over the 9th space shortly before death 
in the light of the other cases we have reported. 

This case seems to us to explain the appearance of 
herpes zoster in cases of caries of the spine. One of us has 
observed three cases in which an outbreak of zoster corres- 
ponded with renewed activity of the tubercular process in the 
spine. In two of these cases the outbreak of zoster followed 
the leaving off of a poroplastic support that had been worn 
for years. Shortly after the support was laid aside pains 
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- in the chest and epigastrium appeared; followed, by an attack 
of zoster that corresponded in the one case to the 5th dorsal 
in the other to the 7th dorsal area. ' 

Thus, in conclusion, it would appear that zoster in all 
respects resembling that arising spontaneously may be 
produced by implication of a posterior root ganglion in 
inflammatory processes secondary to malignant disease, 
tubercle or injury. 


Chapter 7.—Zoster arising in the course of Disease of the 
Nervous System. 


In tabes dorsalis outbreaks of zoster form a classical 
symptom, but this phenomenon is rarer than the text-books 
would lead us to suppose. One of us, who has seen large 
numbers of cases of zoster and of tabes during the last eight 
years, has only met with the conjunction three times. In 
one case the zoster lay over the area of the third cervical, 
and was indistinguishable from a severe attack in an other- 
wise healthy patient. The other two eruptions differed 
from the common form in that they were scanty, incom- 
plete and tended to come out over a longer interval, which 
in one of the cases extended to four weeks. 

Some light is thrown on this association by Case 17. 
This man was admitted to Rainhill Asylum for dementia 
paralytica, but his knee-jerks were absent, and although he 
could walk he had ataxy of the arms. Thus he was not 
only a tabetic general paralytic, but was at the same time 
ataxic. Now it is not uncommon for cases of dementia 
paralytica to have no knee-jerks and, after death, on micro- 
scopical examination of the spinal cord, to show the 
characteristic lesion of tabes. But it is In our experience 
less common for such cases to be markedly ataxic during 
life. 
Thus, although this case was one of dementia paralytica, 
the signs of tabes were so marked that it throws some light 
on the condition of the nerve-roots in this disease which 
favours the development of attacks of zoster. 

The eruption fell over the 8th dorsal area, and, as in two 
of the other cases occurring in tabetics, was not profuse. 
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The 6th, 7th, Sth, 9th and 10th dorsal roots were 
examined on both sides, and of these several show the 
following changes:—The sheath of pia mater reflected on 
to the posterior nerve roots from the spinal cord presents 
a general inflammatory thickening, and is densely infiltrated 
with small round cells. In many instances the inflam- 
matory exudation has penetrated the perineurium of in- 
dividual nerve bundles and given rise to a change 1 in them. 

This change is most advanced in the Sth dorsal root 
of the left side, and here it is not confined to the posterior 
root, but had spread to the sheath of the ganglion. 
Running round about one-sixth part of the circumference 
of the ganglionic sheath, partly upon it and partly within its 
lamelle, is a dense collection of small round cells about as 
deep as the sheath itself. Within the ganglion itself are 
a few foci of small round-celled infiltration. 

Slight as these changes are in the ganglion compared 
with those in many of the cases we have described above, 
it is certain that they coincide with a difference between 
the condition of the 8th dorsal gangliopof the left side and 
its fellows, for the entry of the 8th dorsal root into the 
cord on the left side is marked by a field ee degenera- 
tion, which passes up to be lost at the level of fee 8th 
cervical in the usual manner. 

This thickening of the pia arachnoid over the dorsal 
surface of the cord and around the roots is a common 
condition in cases of tabes; so much so that Obersteiner 
looks upon it as the essential lesion. Now it would appear 
that our case shows little more than an extension of this 
process to the sheath of the ganglion, and just as the small 
round-cell infiltration had penetrated between the fibres 
of the posterior root, so the similar change in the sheath 
of the ganglion.nad penetrated the substance of this struc- 
ture. But, on the other hand, it is possible that the changes 
in the root and in the vessels which are present in tabes 
had rendered the ganglion more vulnerable to an attack of 
primary zoster. We are, however, more inclined to the view 
that the zoster in this case was directly secondary to the 
disease process of tabes than to the latter hypothesis. 
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The next case in which zoster appeared in the course 
of gross organic disease of the spinal cord and roots 
(Case 16) presents greater difficulties. An eruption, differ- 
ing in no way from that of spontaneous zoster, appeared, 
over the 3rd cervical area in a patient suffering from 
multiple sclerosis secondary to endarteritis obliterans of 
the small vessels of the nervous system. At the level of 
the 7th and 8th dorsal roots this vascular change had gone 
on to complete obliteration of the vessels supplying the 
anterior half of the spinal cord. This had caused that 
portion of the cord to be converted into a necrosed mass 
enclosed in a thickened membrane. Elsewhere in the 
cord the change was not so advanced, and patches of > 
irregular sclerosis were seen surrounded on their free 
borders by acutely degenerated fibres (Marchi). 

The posterior roots in this case present a singularly 
interesting condition. When treated by Marchi’s method 
_they do not stain well, but become pale and ash gray in 
colour. Their outlines are indistinct and many of the fibres 
are slightly swollen. Although none of them show any 
clearly-marked acute degeneration, leucocytes containing fat 
and many irregusar fat globules are seen lying between the 

fibres. 
The 8rd cervical ganglion on the left side shows-many 
foci of small round inflammatory cells, with destruction of 
ganglion cells closely resembling the changes seen in ordinary 
cases of spontaneous zoster, except that we are able to 
find no hemorrhages. 

We are inclined to think that the zoster in this case was 
not the direct outcome of the disease of the nervous system 
from which this patient suffered, but that the endarteritis 
obliterans and the changes it produced in the, whole nervous 
system predisposed the ganglion to attack by the same 
unknown agent that produces zoster in otherwise healthy 
persons. 

Amongst the first thirteen cases of our series which we 
have classed as spontaneous zoster occur three cases in 
which the outbreak appeared in patients suffering from 
dementia paralytica (Cases 6, 9 and 10). It might be 
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thought that such cases should have been associated more 
rightly with those in the present Chapter, but in none of 
these cases were any lesions of the spinal cord present other 
than degeneration in the lateral columns, and the roots were 
unaffected with the exception of that root passing out of the 
- affected ganglion. Moreover, the nature of the ganglionic 
lesion differed in no way from that found in the other cases 
of the spontaneous series. l `: 

General paralysis or dementia paralytica undoubtedly 
disposes to zoster. But this is probably due, not to any 
direct implication of the ganglia of the posterior roots in the 
disease process of general paralysis, but to general suscep- 
tibility induced by the circulation in the blood of these 
patients of toxins produced by the breaking down of the 
higher centres [Mott and Halliburton (35)], by the vascular 
changes so commonly present in, and the general debility 
produced by, this disease. Such patients are in the same 
way unduly susceptible to attacks of acute lobar pneumonia 
and of dysentery. . 


Chapter 8.—Changes in the Skin ang Glands. 


§ 1. Changes in the skin.—Sections through an un- 
ruptured vesicle of herpes zoster show a cavity, the floor of 
which is formed of naked papille. These papille are in a 
condition of profound inflammation and are infiltrated with 
masses of small round cells which stain deeply. This in- 
filtration with small round cells extends down to the 
terminations of the sweat glands and hair follicles and 
here and there small collections of small round cells are 

seen in the deeper layers of the skin even apart from the 
hair follicles and sweat glands. 

The vesicle is split into incomplete cavities by septa 
‘extending from the roof to the floor. These septa are 
evidently the remains of incompletely-raised epithelial 
layers that retain their attachment to the roof and to the 
floor of the vesicle. The cavity of the vesicle is filled with 
‘fluid that coagulates under the influence of the hardening 

. agent into a somewhat granular hyaline mass. Within 


m 
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this mass lie small round deeply-staining cells and broken- 
down epithelial cells of all sizes and shapes which have lost 
their prickles. 

We have traced nerve twigs up to the portion of skin 
excised for examinations and found that they showed marked 
signs of degeneration by Marchis method, but we have 
not succeeded in demonstrating degenerated fibres in the 
actual portion of skin examined. 

In 1889, Pfeiffer (21), taking up a position opposed to 

the nervous origin of herpes zoster, laid stress on certain 
cells he found in the vesicles. They had a diameter of 
30 p and also occurred in the vesicles of varicella and 
vaccinia. He nowhere definitely stated they were parasites, 
but his mind evidently leant in that direction, for he’ gives 
a considerable description of diseases caused by protozoa. 
Hartzell (20) rightly recognised that they were epithelial 
cells that had undergone degenerative changes. We have 
seen them in one of the cases we examined, but not in 
Case 2. ' 
Dr. Hunter, assistant bacteriologist to the London 
Hospital, has kindly examined the unbroken vesicles in 
five cases. In most of these cases we took serum from 
two or more vesicles. In every case the contents of the 
vesicles were sterile. 

Moreover, microscopic examination of the fluid and 
careful staining of the sections of skin failed to reveal any 
sign of micro-organisms. Dr. Bulloch kindly stained some 
specimens of'skin in Case 2 and confirmed this result to 
which we had arrived in other cases. 

§ 2. Changes in the glands.— The lymphatic glands 
enlarge and frequently become tender very early in the 
disease. It is interesting to note that apparently all the 
areas of the thorax above the 7th dorsal drain into the 
axilla, whilst all below this area drain into the groin. The 
7th dorsal itself and sometimes the 8th dorsal may cause 
enlargement of either the axillary or ere lymphatic 
glands, or even of both sets. 

In Case 2 the enlarged axillary glands were incised two 
hours after death under rigid aseptic precautions by Dr. 
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Bulloch, the Bacteriologist to the London Hospital. He 
could obtain no evidence of bacterial invasion, and sections 
of the glands revealed no micro-organisms. 

But these sections show that the glands were in a pro- 
found condition of inflammation. Masses of small round 
cells can be seen not only in the substance of the gland but 
also in the trabeculae. 

Thus we are brought face to face with the curious fact 
that a collection of intensely inflamed vesicles containing a 
sterile fluid can be associated with enlargement of the lym- 
phatic glands. Moreover, these glands have all the appear- 
ance of being inflamed, and yet show no sign of bacterial 
invasion. 


Chapter 9. 


§ 1. Herpes zoster, an acute specific disease of the nervous 
system.—A typical attack of zoster arises without any 
obvious peripheral or central cause, and must be considered 
an acute specific disease of the nervous system, for it 
starts with a prodromal period of varying length, during 
which the temperature is raised. During this period the 
patient feels ill and has more or less pain; but it is then 
impossible to make a diagnosis. If the patient is a child, he 
may be supposed to be sickening for one of the ordinary 
acute specific diseases. Suddenly, however, after a variable 
period, the rash comes out and the disease declares itself. 
The febrile period lasts from three to five days and this may 
be considered the duration of the acute disease. The rash 
may appear a few hours after the onset of the disease or may 
tarry till the fall of temperature. Thus, if the rash be taken 
to represent the physical signs, an attack of zoster may be 
compared in these characteristics with an attack of acute 
lobar pneumonia. For as is well known the signs in the 
lungs in this disease may be present very shortly after the 
initial rigor, or may not make their appearance until the crisis 
is reached. The rash in herpes zoster most commonly 
makes its appearance on the third or fourth day of the 
disease, just as the physical signs of acute lobar pneumonia 
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usually become evident on the third or fourth day after the 
initial rigor. 

If zoster be an acute specific disease, second attacks 
should be uncommon, and we find as a fact that second 
attacks are less common than second attacks of measles. 
_ We have met with only four ‘such instances in over four 
hundred cases. Again, the disease should tend to occur more 
at certain peripds than at others or even appear in actual 
epidemics. This is now recognised to be the case. The 
records kept by one of us at the London Hospital tend to 
bear out this statement; for, although sporadic cases occur 
throughout the year, at certain seasons there is a large 
increase in the number of cases. Thus, in 1896, 1897 and 
1898, there was an epidemic in the middle of March. In 
1897 and 1898 there was an outbreak from the middle to 
the end of May. In 1897 a large number of cases appeared 
during the long drought that lasted from the end of July 
until the beginning of November; and during this period 
of four months fifty-eight cases were seen, or one half the 
cases of that year. In 1898 severai cases appeared together 
in June, and there was a marked outbreak from the middle 
of July to the end of August, during which period twenty- 
two cases were seen in less than six weeks. In the same year 
another outbreak occurred in the middle of October. Thus 
there can be little doubt that the occurrence of epidemics of 
herpes zoster is associated with some atmospheric influence 
or conjunction of which we are as yet ignorant. 

But if herpes zoster is an acute specific disease of the 
nervous system we find an exactly analogous disease in 
acute anterior poliomyelitis. This disease begins with 
malaise and fever. The temperature may remain raised 
for from three days to a week, and at a variable time during 
this febrile period, or it may not be until the fever has 
subsided, paralysis i is noticed. 

On comparing the pathological condition TE on 
microscopical examination in the two diseases their likeness 
becomes still closer. The following summary of the condi- 
tions found in those cases that have died at varying periods 
in the first few months, given by Allan Starr (45), exactly 
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corresponds to what can be seen in two cases of this disease 
we have had the opportunity of examining.’ 

“ On microscopical examination there is found a marked - 
hyperemia of the tissue ; all the blood-vessels are engorged 
and surrounded by exudation alike of serum, of leucocytes, 
and of small cells. The serum fills the lymph spaces about 
the vessels and about the nerve-cells. The leucocytes 
infiltrate the tissues about the cells and gluster around 
them. There is a great increase of small cells and nuclei 
in the neuroglia. . . This infiltration of the tissue with 
leucocytes may be so intense as to obscure all -other 
elements. Ruptured capillaries and small hemorrhages’ 
are seen here and there. It is thus evident that the sup- 
porting substance (neuroglia) of the grey matter and the 
_ blood-vessels are involved in the inflammatory process. 

“The changes in the ganglion cells of the cord are 
equally characteristic. These cells show great varieties of 
degenerative changes depending partly upon the severity 
of the case and partly upon the length of time the process 
has been going on in any one cell. The earliest change in 
the cell is the cloudy appearance of its protoplasm, and 
Increased granular appearance obscuring the nucleus and 
leading to its deeper staining by reagents. In the next 
stage the cell absorbs stains no longer; the nucleus is faint 
and the cell has lost its sharp outline and some of its 
prolongations. Later still the cell appears changed into a 
swollen, shapeless or spherical ball of matter, and its 
protoplasm is altered into a homogeneous unstained mass 
with vacuoles, or has become distinctly granular, in which 
case it stains deeply. . . The last stage is one of shrink- 
age, the cell body being changed into a small, deeply-stained 
mass hardly larger than its original nucleus. . . . . If 
the case. be examined some weeks or months after the onset 
the vascular changes are no longer evident; the serous 
exudation has been absorbed, there are no longer leucocytes 
and cells within the interstitial tissues. . . In some 


1 We owe the opportunity of studying one of these cases to the kindness of 
Dr. Mott, who has incorporated it in his Croonian Lectures (84), Sections 
of the other case were kindly given us by Dr. Bulloch. 
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parts the anterior hoin may be changed even into true 
sclerotic tissue.” 

If for anterior horn we read posterior root ganglion, and 
for motor cell posterior ganglion cell, this statement would 
be an exact description of the-changes we have described 
in Chapter I. 

Moreover, the posterior root ganglion is the exact equiva- 
lent of the anterior horn. For whereas on the motor side 
the cells of fhe neurons of the lowest level lie in the 
anterior horn, on the afferent side, they happen to lie 
collected together outside the spinal cord in the posterior 
. root ganglion. Thus zoster might justly be spoken of as 
acute posterior poliomyelitis. 

§ 2. The nature of the changes that produce herpes - 
zoster.—The changes which we have described above in the 
posterior root ganglion, closely resembling as they do those 
found in the grey matter of the anterior horn in acute 
anterior poliomyelitis, are typical of a pathological process 
in the nervous system that has of late years been too much 
neglected. It is usually dismissed by the statement that 
it is “of vascular origin.” Now if by “vascular ” is meant 
that the disease is directly secondary to occlusion or inter- 
ference with a vessel, we deny its correctness; if, on the 
other hand, it is simply meant that the vessels play an 
important part in the general inflammatory process, it is a 
platitude. 

Many observers have occluded the vessels of the spinal 
cord for varying periods, and examined the changes so 
produced in the cells. Such occlusion of. the arteries pro- 
duces marked chromatolytic changes in the cells of the 
spinal cord, but is not followed by inflammatory changes or 
hemorrhages. Leonard Hill ligatured the cerebral arteries 
in monkeys, and the brains of these animals were examined 
by Mott (84) at varying periods after the operation. Here, 
again, extreme chromatolysis of the cortical cells was found, 
but no inflammatory changes and no hemorrhages. 

Now the universal characteristic of the changes we have 
described in the affected ganglion is the. presence of in- 
flammation in every degree, from scattered collections of 
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small round cells to profound hemorrhages in the centre . 
of inflammatory foci. On the other hand, our cases of 
spontaneous zoster did not show marked chromatolytic 
changes of the type seen when either the vessels of the 
spinal cord or of the brain were experimentally occluded. 
A certain number of ganglion cells seem to be killed out- 
right, and others to‘ be so injured that they quickly die. 
The remainder, however they may have been changed at 
the onset of the disease, rapidly recover. *Very few, if 
any, of the ganglion cells appear to be undergoing that 
steady process of disintegration which we have learnt to 
associate with the appearances known as chromatolysis. 

It is therefore peculiarly interesting to notice that in 
the two cases of secondary zoster, where we have every 
reason to suppose that the blood supply of the ganglion 
was profoundly affected, chromatolytic changes were well 
‘marked. In one of these (Case 14), the ganglion was 
. completely surrounded by malignant growth, and in the 
other (Case 15), the spine had been fractured. 

Moreover, secundary degeneration makes its appearance 
within eleven days of the appearance of the: eruption over 
the whole central projection of the fibres, large and’ small, 
in connection with the cells of the posterior root ganglion. 
This looks far more as if the process were one of acute 
destruction of ganglion cells than of damage by a poison 
leading to degeneration and death of the nerve-cell. 

Thus it would appear that the changes in the posterior 
root ganglion consist of an acute interstitial inflammation 

‘accompanied by necrosis of the ganglion cells. 

Of the nature of the agent which is responsible for this 
process we are completely ignorant. Microscopically, we 
have not been able to find any signs of bacterial infection, 
but have not attempted to make cultivations for fear of 
spoiling our material for other purposes. 

But this agent, whatever it may be, seems to have a 
specific attraction for the posterior root ganglion exactly as 
the equally unknown cause of acute anterior poliomyelitis 
‚attacks the substance of the anterior horns. Moreover, it is 
particularly liable to attack the dorsal part of the ganglion, 
i.e., the portion opposite to the anterior root. 


THE PATHOLOGY OF HERPES ZOSTER 393 


Each posterior root ganglion is supplied by a branch of 
the arteries in front of the spine (intercostal, &c.). This 
twig passes in with the peripheral nerve, and courses through 
the ganglion to meet the branch of either the anterior or 
posterior spinal arteries. In the ganglion. this artery gives 
_ off branches towards the periphery, and it is around the 
terminations of these small branches that hemorrhages 
are most often found. Owing to the anastomosis between 
the arteries of the spinai cord and the branches on the 
anterior surface of the spine, the ganglion can be injected 
with colouring material from both directions. If the 
heemorrhage is severe it may transgress the territory of the 
ganglion and occupy the centre of the peripheral nerve 
(Cases 2 and 4). 

It is probable that two ganglia are occasionally affected 
together. From clinical observation this seems particularly 
liable to occur with the 2nd, 8rd, and 4th cervical. Un- | 
fortunately, no such case is included in our series of post- 
mortem examinations. One case has come under our notice 
where a true zoster was present at the level of the 8th 
dorsal on one side and of the 10th dorsal on the other at 
the same time. Such cases are, however, excessively rare ; 
a similar one has been reported by Kaposi. 

Thus the unknown agent responsible for the inflamma- 
tion in the ganglion not only shows a specific attraction for 
the posterior root ganglia but commonly attacks one ganglion 
only. This selection of one group of cells is also partly 
characteristic of the poison that causes acute anterior 
poliomyelitis, but as the gray matter of the anterior horns 
forms a continuous column the inflammatory process has 
more opportunity of spreading upwards and downwards 
than in the case of the segmented groups of posterior 
nerve-cells collected as they are into separate and distinct 
ganglia. 

But we have also to deal with the curious fact that some 
ganglia seem to be more prone to attack than others, as is 
shown by the following table compiled from records of 392 
cases. No cases are included in which an area was seen in 
combination with one above or below it. 
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2nd Cervical 1 8rd Dorsal .. 34 12th Dorsal 18 
8rd Fr . 15 4th y -- 88 1st Lumbar 27 
áth p . 21 BE 838 må „ .. 22 
Sth j n 2 6th p 20 3rd p’ we $ 
6th p . 8 jth os... 19 4th ,, 1 
ith |, 5 8th 4, .. 36 bth yy. 2 
8th BR . +0 9th „ .. 19 ist Sacral 0 
1st Dorsal 5 10th „ -- 26 and „ 1 
and p,p, 9 llth ,, .. 22 8rd p 5 


It will be seen from this table that the gangla most 

.commonly affected are those which receive afferent impulses 

from the viscera through the white ramus of the sympathetic 
(cf. Head 30). : 

Now if any posterior root ganglion is carefully examined 
it will be found to contain two main groups of cells, large 
coarsely granular nerve-cells and smaller more pear-shaped 
cells that stain with methylene blue in a more uniform 
manner.! But the proportion of these two types of cell in 
any one ganglion varies according to its position. Thus the 
6th, 7th, and 8th cervical contain a much larger proportion 
of large cells than of small ones, whilst from the 3rd dorsal 
to the 1st lumbar the small cells preponderate. In the 2nd, 
3rd, and 4th cervical there is a great preponderance of small 
cells over large. 

Thus the ganglia which receive fibres from the limbs, 

especially those which receive theirs from the hand (cer- 
vical 8) and foot (sacral 1) show a preponderance of cells of 
the large coarsely granular type. Now, these areas are 
exactly those which give rise to the long fibres of the 
posterior columns. For as many observers have pointed 
- out from experiments on animals, and as our observations 
confirm for man (vide p. 374) the postero-internal column in 
the cervical region is mainly formed by fibres from the leg 
area, the postero-external by fibres from the arm. 

Thus, it would appear that the toxic agent that produces 
herpes zoster not only has an affinity for the posterior root 
ganglia, but more particularly for those which contain a 
preponderance of the smaller type of ganglion cells that give 
rise to the shorter fibres of the posterior columns. 


1 There is also probably a, difference in the processes of these two types of 
cell, but this will form the subject of a further communication. 
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But when once a ganglion is attacked all the cells within 
the area of inflammation cuffer, whether they be of the large 
or small-celled type. l 

Now these small cells amongst other functions probably 
subserve that of pain, for Münzer (36) has shown that the 
long tracts of the posterior columns do not conduct pain 
impressions to the cerebrum. Hence the intense pain 
which accompanies an attack of zoster. 

But if the case be seen before the rash appears it is 
sometimes possible to map out the area subsequently 
occupied by the eruption by means of the hyperalgesia 
that is present. This hyperalgesia, which closely resembles 
that so frequently seen as the “concomitant of visceral 
referred pain, is followed by erythema. Then, on the 
. erythematous surface, vesicles appear. 

Thus we are inclined to think that the trophic disturb- 
ance of the skin is an extreme form of activity of the same 
cells, disturbance of which by afferent impulses along the 
white ramus produces the hyperalgesia that accompanies 
visceral referred pain. , 

We do not imagine that the eruption of herpes zoster 
is produced by disturbance of special trophic nérves, but by 
intense irritation of cells in the ganglion which normally 
subserve the function of Dain, and more particularly that 
form of pain préduced by afferent visceral impulses. 


Part II.. THAE BEARING OF THE DISTRIBUTION OF THE 
ERUPTION IN HERPES ZOSTER ON SENSORY LOCALISATION. 


Introduction. 


Before this research began one of us had collected a 
large number of cases of harpes zoster and had constructed 
a diagram to show the relation that the areas occupied by 
the eruption bore to one another. A series of segments was 
thus mapped out upon the surface of the body, and to each 
segment was given a hypothetical number which was sup- 
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posed to represent its numerical localisation in the central 
nervous system. This numerical localisation met with uni- 
versal disbelief, alike from anatomists and clinicians, and it 
was therefore felt that if a post-mortem examination could be 
obtained on a case of herpes zoster in which the distribution 
of the eruption had been carefully drawn or photographed, 
the question might be settled one way or the other. 

But herpes zoster is not a fatal disease, and we felt that 
the only method by which we could obtain the material we 
desired was by the study of patients in asylums or infirma- 
ries, a cousiderable proportion of whom remain in the insti- 
tution until their death. By this means we have obtained 
fourteen out of the twehty-one cases we have examined ; 
of the remaining seven cases, we owe three to the kindness 
of the physicians of Guy’s Hospital and four were collected 
by one of us at the London Hospital. At the same time 
one of us has collected drawings or photographs of 450 
cases that have come under his personal observation. ' 

This material enables us now to deal with the question 
of numerical localisation in a complete manner. But we 
wish it to be clearly understood that the segmental areas to 
which we refer in this paper are those marked out on the 
skin of the body by the eruption of herpes zoster, and when 
we speak of an area as, e.g., “the 4th dorsal,” we mean that 
that area corresponds with disturbance of the 4th dorsal 
ganglion. The question ‘of the identity in position and 
constitution of these areas with the areas of hyperalgesia 
that accompany the referred pain of visceral disease, and 
the relation of these areas to the territory supplied by each 
posterior spinal root, will be dealt with subsequently by one 
of us in a separate paper. 

On plate 17 we have attempted to combine the typical 
distribution of each area on a single diagram. Such an 
attempt is in itself fallacious, for no such combined figure 
‘can be absolutely accurate; for on the trunk each area is 
a band coiled round one half of a rough cylinder, and must 
therefore vary in each case according to the shape of the 
trunk. Thus one of these areas extended around the 
abdomen of a baby will have a completely different appear- 
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ance from the same area around the waist of a woman who 
wears stays. An eruption produced by a lesion of the 6th 
dorsal ganglion will differ considerably when extended on 
‘the narrow sloping chest of the phthisical or on the barrel- 
shaped, high shouldered thorax of the emphysematous. 
Bony points are thus almost useless: skin points only are 
trustworthy, and of these we unfortunately posséss only the 
nipple and the umbilicus. 

We are also confronted with another difficulty which 
- must always make such a combined diagram incomplete ; 
for the supply of the afferent ganglionic fibres is subject 
to variation, and any one portion of skin may be supplied 
in the one patient by the fibres that enter one ganglion, in 
another by those that enter the ganglion above or below. 
We hope, however, to be able to show the extent to which 
this variation may occur and the laws by which it is 
governed. 

Lastly, we shall deal with the question of interdigitation 
and overlap in as far as it affects the areas mapped out on 
the body by the eruption cf herpes zoster. 

§ 1. The numerical localisation of the areas marked out 
by the eruption of herpes zoster.— When the original diagram 
of the areas on the surface of the body was published by one 
of us (27), Thane (46) summed up the criticism of the 
anatomists in the followirg passage :—“ It may be pointed 
out that the areas as designated: do not always agree with 
the distribution of the corresponding nerves as determined 
anatomically. Thus the area marked D 3 on the inner side 
of the arm corresponds rather to the brachial distribution 
of the 2nd dorsal nerve through its intercosto-humeral 
branch and the communication with the nerve of Wrisberg, 
while the third dorsal nerve does not usually contribute 
largely to the supply of the arm. Similarly the areas 
marked D 11, D 12, and L 1, would seem on anatomical 
grounds to correspond mcre nearly to the 12th dorsal and 
lst and 2nd lumbar nerves.” 

Thorburn (48), is equally definite: “. . . If we trace 
Head’s areas downwards we find other evidences of a ten- 
dency to describe them as being a segment or part of a 
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segment too high. . . . If, however, we turn to the lower 

part of the diagram there appears to be a tendency in an 

opposite direction, that is, the areas are depicted too low. 

Thus it will be seen that his 1st lumbar region corresponds 

more closely to that which Starr and others besides myself 

assign to the 2nd lumbar, and anatomical dissection shows 

that the 1st lumbar nerve is mainly distributed above the 

line of Poupart’s ligament where Head has the 12th dorsal 

and finally, the umbilicus probably lies, not as Head 

places it at the junction of the 9th and 10th dorsal fields, 

but certainly no higher than the lowest part of the 10th.’ 
The combined diagram we give differs somewhat from 

that on which these criticisms were written, but the differ- 

ences lie in the form of the areas and not in their general 

position. A greatly increased number of cases has enabled 

us to bring the form of the various bands more nearly to 

that which we consider normal. But we still maintain 

that the 8rd dorsal usually supplies part of the inner side 

of the arm, that the 5th dorsal sends fibres to the lower 

part of the breast, that the umbilicus lies between the 9th 

and 10th dorsal areas, and that the 12th dorsal supplies 

the skin partly above and partly below Poupart’s ligament. 
The following table of the segments from the 3rd 

cervical to the 1st lumbar shows those we have examined :— 

Cervical 3.—Examined twice. Case 6, fig, 6, and Case 17, fig. 17. 

Cervical 4.—Case 10, fig. 10. 

Cervical 5. 

Cervical 6. 

Cervical 7. 

Cervical 8, 

Dorsal 1. 

Dorsal 2.—Case 7, fig. 7. 

Dorsal 3. 

Dorsal 4.—Exemined twice. Case 11, fig. 11, and Case 14, fig, 14. 

Dorsal 5. 

_ Dorsal 6.—Examined twice. Case 3, fig. 3, and Case 13, fig. 13. 


Dorsal 1.—Examined twice. Case 2, fig. 2, and Case 9, fig. 9. 
Dorsal 8.—Case 16, fig. 16, 


! The interesting monograph by Wichmann, “Die Riickenmarksnerven 
und ihre Segmentbezüge,” did not reach us until our paper was already in 
print. As far as the trunk is concerned, his figure of the sensory segments 
more closely resembles that of Head (30) than any other scheme. However, 
he places the umbilicus in the centre of the 10th dorsal field. 
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Dorsal 9. 

Dorsal 10. 

Dorsal 11.—-Case 5, fig. 5. 

Dorsal 12.—Examined three times. Case 4, fig. 4; Case 8; fig. 8; and Case 12, 
fig. 12. : 

Lumbar 1.—Case 1, fig. 1. 


Thus out of nineteen consecutive areas we have examined 
ten, and of these ten we have examined five more than once. 

Amongst these cases we are fortunate in having several 
that include the disputed points. Thus Case 11 and Case 14 
show how the 4th dorsal lies above the nipple, supplying, 
in a woman with large breasts, the upper half of the 
mamme and sending a branch to innervate the upper half 
of the areola. 

The 11th dorsal, and not the 12th, supplies the groin 
just above Poupart’s ligament (Case 5), and thus it is 
certain that the umbilicus lies between the 9th and 10th 
dorsal areas. 

Again, we are fortunate in having examined in three 
` cases the 12th dorsal area, upon which universal doubt 
has been thrown (Case 4, Case-8, Case 12). The extent of 
the eruption varied in each of these cases, and the condi- 
tions of this variation will be considered in the next 
section. . But in all these cases the eruption lay below the 
crest of the ilium, and exiended on to the outer side of the 
thigh below Poupart’s ligament. Moreover, as additional 
proof, we have examined one case of the first lumbar area, 
which, though the rash had not developed in front, it was 
sufficiently well marked, posteriorly and laterally, to con- 
firm the numerical localisation. 

Thus if ten out of nineteen consecutive areas have 
been found by post-mortem examination to be correctly 
numbered, it is unlikely that there is any serious error in 
the numbering of the remainder. 

§ 2. Variation in form without variation in nerve 
supply.—The primitive form of these segmental areas is 
a band passing around the body from mid-dorsum to mid- 
venter. The 6th dorsal still retains this primitive character 
in an almost unaltered form. It starts from the mid- 
dorsum opposite the 7th and 8th dorsal spines, and passes 
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forward beneath the angle of the scapula. It dips a little 
in the axilla and swings forward beneath the lower border 
of the mamma to end in front over the. fifth interspace. 
In its course it passes over the eighth, seventh and sixth 
intercostal spaces. 

If the eruption over this band-like area is examined 
carefully it is seen to be made up of three main outbursts. 
The most posterior of these extends from the middle line 
of the back to about the line of the angle of the scapula, 
and obviously represents the supply of the posterior primary 
division. A second outburst takes place in the axilla, and 
from this point the eruption streams backwards and for- 
wards, representing the lateral cutaneous branch of the 
anterior primary division. Lastly, over the fifth space in 
front of the nipple line is a third small outburst correspond- 
ing to the terminal twigs of the anterior primary division. 

Thus in its complete and primitive form each of these 
segmental areas consists of a dorsal, a lateral and an 
anterior division. It is by the changes in the relative pro- 
portions of these three constituents that the areas in 
different regions arrive at their peculiar shape. Passing 
upwards from the 6th dorsal, we find a tendency for the 
lateral outburst to be pulled upwards towards the apex of 
the axilla. This tendency to lateral extension is still more 
marked in the 3rd’ and 2nd dorasl, where the lateral flap 
extends on to the ulnar surface of the arm and reaches its 
culmination in the detached lateral flap of the 1st dorsal, 
with its minute anterior and posterior flaps. 

Below the 6th dorsal the posterior flap tends to extend 
downwards on the back, so that its ventral apex may lie 
below the dorsal apex of the lateral portion of this area. 
At the same time the lateral and anterior branches of the 
anterior primary division tend to form a rough triangle on 
the abdomen. The lower border of every area below the 
6th is pulled somewhat downwards towards Poupart’s 
ligament, but rises again towards the middle line of the 
abdomen. Thus the 9th dorsal area does not touch the 
middle line of the abdomen at any point below the um- 
bilicus, but its lower border frequently lies considerably 
below the horizontal level of the umbilicus. 
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With the 1st lumbar on the front of the thigh and on 
. the buttock, this tendency for the lower border to become 
dragged downwards becomes well-marked, reaching its 
culmination in the extraordinary shape of the 8rd lumbar. 
Below the knee the 4th and 5th lumbar and Ist sacral 
have entirely lost their anterior and posterior attachments, 
and consist of the remains of the lateral flap only. - 

Now it is at once obvious that such a condition offers 
many opportunities for variation apart from any change in 
the actual nerve supply. For such an area as the 10th 
dorsal spread round the abdomen of an infant is a broad 
almost horizontal band; but on the waist of a woman, 
especially if she belong to the long-chested type, this area 
comes to resemble two triangles, in each of which the widest 
angle is directed towards the leg. The trunk of an infant so 
much more nearly resembles a cylinder that all the areas, 
from the 3rd dorsal to the 1st lumbar, tend to become hori- 
zontal bands, whereas in the adult they more nearly resemble 
a couple of obtuse-angled triangles. 

Then, again, the trunk of an infant forms a propor- 
tionately much larger part of the whole body than in an 
adult. Thus the areas on the front of the thigh of a young 
child appear to be smaller and more band-like than those of 
an adult. 

The distribution of these segmental areas on the breast 
requires special consideration. We will begin with the chest 
of a young male where the nipple is situated over the lower 
border of the 4th rib. In such a case the anterior limb 
of the 3rd dorsal will send a minute downward tag that 
almost reaches the inner side of the base of the nipple. 
The anterior axillary branch of the 4th dorsal sends a tag 
that runs upwards and forwards to end on the outer side 
of the nipple, whilst the small anterior flap supplies the 
upper and anterior portion of this structure (fig. 14, Case 
14). Thus at least one-quarter of the nipple lies below 
the lower border of the 4th dorsal area. The 5th dorsal 
sends an upward projection from its upper border to envelop 
this portion of the nipple. 

This description also applies to the undeveloped breast 
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of a young girl; but as soon as the breast of a woman 
increases in size, the appearance of these three areas alters 
profoundly, although on analysis their relations to one 
another are seen to remain unaltered.’ The downward tag 
from the 8rd dorsal becomes of much greater importance, 
covering a considerable portion of the upper surface of the 
breast. The forward branch of the lateral flap and the ter- 
mination of the anterior primary division now become a 
very prominent feature of the 4th dorsal area, and supply 
the whole outer and the whole inner quadrant of the 
mamm (fig. 11, Case 11.). The 5th dorsal supplies the 
whole under surface of the mamma, except that when it ‘is 
considerably enlarged as in a suckling woman, the upper 
. border of the 6th dorsal laps onto that part which lies over 
the fifth space and sixth rib. 

Into this category we are inclined to place the different 
appearances presented by the eruption in the three cases 
where the 12th dorsal ganglion was found to be affected. 
We regard fig. 8 (Case 8) as the most usual appearance of 
this area, for it corresponds with the majority of the cases 
where this area was represented amongst the 450 of our 
collection. In fig. 12 (Case 12) the downward projection 
on to the thigh is much less marked, whilst in fig. 4 (Case 4) 
two long streamers occupy much more of the outer side of 
the front of the thigh. Yet in all these cases the superior 
border occupied the same position and the point reached by 
all three cases in the mid-ventral line was identical. 

Thus in conclusion we wish to point out that these areas 
` may differ markedly in different individuals owing to varia- 
tions in the surface of which the skin is stretched without 
any necessary alterations in nerve-supply. 

§ 3. Variation in nerve-supply.—In order to investigate 
to what extent these areas were liable to true variation, it 
became necessary to select one of them and to examine as 
many cases as possible where the eruption lay over that area. 

The area selected for this purpose must be easily local- 
ised, have well marked anterior, posterior and lateral flaps, 
and occur with sufficient frequency in a complete form. 
These conditions are best fulfilled by the 3rd dorsal. 
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The form-assumed by this area, which we consider.to be 
normal, is characterised as follows: The upper border of 
the posterior flap starts at the 3rd dorsal spine, slopes 
slightly downwards and then rises to cover the spine of the 
scapula. From this point it slopes downwards towards the 
arm to be continued into the posterior border of the lateral 
flap: The lower border starts behind, about an inch below 
the upper border, but then slopes rapidly downwards over 
the scapula, rising again with the external border of that 
bone to enclose a triangular patch somewhat resembling in 
shape the lower part of the scapula itself. 

The lateral flap covers the upper half or two-thirds of 
the post-axial border of the arm. Thus, when the arm is 
raised to a.vertical position, with the ulnar border of the 
forearm and the little finger facing the observer, the lateral 
flap should appear in its entirety extending one-half or two- 
thirds of the distance towards the elbow. 

The upper border of the anterior flap touches the lower 
border of the second rib, and the lower border dips on to the 
region of the mamma to reach a point just above the areola 
of the nipple. From this point it rises to end over the 
third rib cartilage. 

Out of twenty complete cases in which the eruption lay 
over the 8rd dorsal, twelve followed exactly this course. 

Now if this area were prefixed, i.e., moved up somewhat 
nearer the head end of the nervous system, we should 
expect it to show a closer resemblance to the 2nd dorsal 
than when it assumes what we have called the normal form. 
That is to say, the upper border of the posterior flap would 
lie along or above the spine of the scapula and the lower 
border leave a considerable part of the subspinous portion 
of the scapula uncovered. The lateral flap would extend 
further down the axillary border óf the arm and nearly 
reach the elbow. The upper border of the anterior flap 
would run along the upper border of the 2nd rib, and the 
lower border would end some considerable distance above 
the nipple. 

This was exactly the area occupied by the eruption in 
one case out of the twenty 'cases. 
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If, on the other hand, this area were post-fixed, t.e., 
pushed nearer the tail end of the nervous system, it would 


more closely resemble the 4th dorsal than normal. The 


upper border of the posterior patch would scarcely: touch 
the spine of the scapula and the lower border would come 
- closer to the angle of this bone, covering a larger portion of 
the subspinous area. The lateral flap would be shortened 
so as only to occupy a few inches of the axillary border of 
the arm. The upper border of the anterior patch would 
lie over the 3rd rib and the lower border would send a 
downward tag to envelop the nipple from above. 

This condition occurred in’ seven out of the twenty cases. 

Thus out of twenty cases where a well developed erup- 
tion occupied the area of the 8rd dorsal, twelve were what 
we have called normal, one was prefixed, and seven were 
post-fixed. We do not look upon these figures as more than 
an indication of how this area may vary; for twenty cases 
are too few to form the basis of any statistical conclusions. 

We believe, however, that the areas on the trunk are 
less liable to true variation than those on the limbs. Those 
- which affect the terminations of the limbs are the most 
variable of all, but the infrequency with which they appear 
renders a more definite statement impossible. 

It might be objected that the instances given above are 
not cases of variation but of false enumeration. This is 
rendered improbable by comparing the two cases in our 
series (Case 3 and Case 13) in which the post-mortem 
examination showed the 6th dorsal to have been affected. 
In Case 3, that of a child, the eruption (fig. 3) ran almost 
straight round the body, passing just below the angle of the 
‘scapula and below the nipple. In Case 13 on the other 


hand, the upper border of the eruption (fig. 18) touched the‘ 


‘ lower angle of the scapula and passed forward beneath the 
nipple, sending an upward tag to just implicate the lowest 
part of the areola. Yet in both these cases the post-mortem 
examination showed that the 6th dorsal was affected. Now 
the eruption in Case 3 followed what we should call the 
normal course; in Case 13 it was pre-fixed.' Moreover, 
this eruption showed exactly the characteristics we laid 
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down as necessary for a pre-fixed area, when discussing the 
variations in the 8rd dorsal; for it resembled the area 
above it, the 5th dorsal, in sending a branch to the nipple, 
and yet its upper border was distinctly lower than that of a 
normal 5th dorsal. 

So far we have met with no case where an eruption that 
lay entirely over an area io which we had habitually given 
one number, turned out on post-mortem examination to have 
been due to’ an affection of the ganglion above or the 
ganglion below. That is to say, in each case where from 
examination of a previous case we had been led to suppose 
that the 8rd cervical, the 4th dorsal, the 7th dorsal, or the 
12th dorsal would be affected, the enumeration again turned 
out to be correct. 

Thus, in conclusion, we believe that when a certain 
ganglion is affected the eruption most frequently lies over a 
definite tract of skin, which may be called the normal area 
{rom which fibres enter that ganglion. This tract of skin 
may, however, in some cases be situated further headwards, 
and occupy about one-half or’ less of the area usually 
supplied by the segment in front (pre-fixed). It may also 
be situated further towards the tail end‘of the body, and 
occupy about one-half or less of the area usually supplied 
by the segment behind it (post-fixed). But its displacement 
never exceeds half an area in either direction, and in no case 
did we find that an eruption, which lay over what we sup- 
posed to be the complete normal area of a certain segment, 
was produced by a lesion of either the ganglion above or the 
ganglion below. 

§ 4. Overlap and Interdigitation.—After what we have 
said in the preceding sections concerning the possibility of 
change in the shape of these segmental areas owing to 
individual differences in the shape of the patient’s body or 
to actual variation of nerve-supply, it will at once be seen 
how difficult it is to determine to what extent these areas 
overlap. Thus in every case it becomes necessary to con- 
sider whether the area occupied by the eruption belongs to 
the normal type. If this be so we can then only determine 
the extent of the overlap by comparing it with the normal 
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distribution of the area in front of it and the area behind it 
in a.case where the body of the patient was of approxiniately 
the same shape. For it is useless to attempt to compare 
the -10th dorsal, however normal it may be, when spread 
out round the body of a baby, with the 9th dorsal around 
the small waist of a woman in the hope of determining to 
what extent these two segments overlap. 

‚ A third difficulty with which we have to deal is the 

extraordinary interdigitation of the serrated margins of these 
areas. They can rarely be defined by straight lines, for the 
eruption is made up of a series of outbursts, each of which 
follows the course of a tiny nerve-twig. Now it is quite 
impossible to say how far the downward tags of one area 
fit into the notches of the area below, but all we can say is 
_ that if the downward tag is a large one and forms an 
integral and distinctive feature of the area in its normal 
form, a notch of greater or less depth will be found in the 
area below corresponding, though not to the full extent, 
with this downward projection of the area above. (Compare 
the downward course of the posterior patch in fig. 5 with 
the notch in the upper border of the posterior patch of fig. 
8 and fig. 4). 

Let us then first compare the extent of the eruption in 
' Case 2 or Case 9, which occupied the 7th dorsal area, with 
that of Case 16, that lay over the 8th dorsal. All these 
cases were men, and the rash in Case 2 was almost identical 
with that in case9. It will be seen that the lower border 
of ‘the area in figs. 2 and 9 scarcely encroaches at all on 
the upper border of that in fig. 16. Moreover, the apex of 
the anterior half of the eruption in fig. 16 fits into the 
notch made by the junction of the anterior with the 
posterior half of the area in figs. 2 and 9.. In fact, the 
overlap does not consist of one-third of the extent of either 
of these areas. This slight overlap we believe to be typical 
of the areas of the trunk. 

Turning next to the cervical region, A 6 shows a 
typical third cervical, and fig. 10 a fourth cervical with 
a rather extended anterior border, but a normal posterior 
border. In both cases the patients were men. It will be 
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seen that the anterior’or cephalic border of the fourth 
cervical (fig. 10), lies over thé area occupied by the third 
cervical (fig. 6). But although these two areas habitually 
overlap, the extent of the overlap is not so great as might 
at first sight appear, for the third cervical runs ın two main 
streams across the outer part of the supraclavicular fossa, 
and between these two streams the skin is affected either 
lightly or not at all. In the same way the anterior or 
cephalic portiôn of the fourth cervical (fig. 10), which also 
covers the outer part of the supraclavicular fossa, is always 


‘lightly marked both by erythema and vesicles in obvious 


contrast to that part which lies over the shoulder. 

. We believe that the overlap is more marked on the 
limbs, especially at their termination, but owing to the 
comparatively small number of cases on the fore-arm and 
leg (p. 394) it is impossible to be certain of the amount 
of this overlap., 

Thus, in conclusion, the areas marked out by the erup- 
tion of herpes zoster overlap one another to a very vari- 
able extent. On the trunk this overlap is slight when 
individual differences and variation in ‘nerve-supply are 
taken into account. In the neck this overlap consists more 
of a sharing of a certain territory than of true overlap, but 
on the limbs, especially at their termination, the ‘over- 
lapping is distinct. 

_ Yet in no case does the zone of overlap equal in extent 
more than one-half of the area above and below, whilst in 
many cases it is considerably less. 





Parr III. 


Case 1.—John William K., aged 64. MR Au 
(Mr. Lunn). Died February 23, 1897. 





SUMMARY. 
No history obtainable. 
Admitted for paraplegia. Par ais extended as high as lower 
ribs on both sides. Cystitis and retention of urine. 
Herpes appeared over the 1st lumbar area on the left. side three 
days before death and continued to come out up to death. 
Myelitis of the spinal cord as high as the upper dorsal ‘region. 
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The 1st lumbar ganglion on the left side showed a large hemor- 
rhage in the centre with much surrounding infiltration by small 
round cells that stained deeply with Nissl’s blue. The ganglion 
cells were destroyed, and those which remained failed to stain with 

` Nissl's blue in the presence of a counter stain. 

The remaining ganglia were normal. 

The peripheral nerves showed no change. 

Beyond marked degeneration of the vessels the brain showed no 
change. 





Fie. 1. 
To show the distribution of the eruption in Case 1. 


He was admitted to the infirmary on February 10, 1897, for 
paraplegia and complete incontinence of urine and feces. He 
was completely paraplegic up to the level of the lower ribs and 
the abdominal muscles were paralysed. He was semi-comatose, 
with a temperature of 101-6° F. and sensation could not be 
tested. He was said to have incontinence of urine, but on 
admission his bladder was over-full and the incontinence appeared 
to be due to overflow. 

On February 19 an herpetic eruption appeared over the 
area in fig. 1, and was still coming out when he died on 
February 23. 

Thus the herpetic eruption began to appear three days before 
death. 


POST-MORTEM EXAMINATION. 


Made forty hours after death in cold weather. From a few 
hours after death until the examination the body lay upon its 
face surrounded by ice. It was found to be in excellent con- 
dition at the examination. 

No bed sores. 
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Lungs showed much hypostatic congestion but there was no 
pneumonia. The substance of the heart was extremely soft and 
of a brown colour with marked striation. No valve lesion. 

Spleen of normal size, but soft. Capsule of the kidneys 
stripped with fair ease and did not bring away the cortex. 
Cortex perhaps a little diminished. Liver normal. 

The bladder showed marked thickening from old cystitis and 
the mucous membrane was of a purple-red colour. 

Brain.—Arteries extremely degenerated and atheromatous, 
and in some places they were almost blocked by white clot. The 
cortex was welt developed and showed no marked wasting. 
Membranes stripped easily and without decortication. Ventricles 
not distended nor granular. No hemorrhage. No softening. 

The lower portion of the cord was very soft and almost 
diffluent from myelitis. - 


Microscoricat EXAMINATION. 


A microscopical examination was made of (a) a series of 
posterior root ganglia, (b) a series of peripheral nerves, (c) the 
spinal cord. 


(a) Ganglia, 


Dorsal 12, lumbar 1, 2, 3, 4, 5, of both sides were fixed in 96 
per cent. alcohol and imbedded in paraffin. Sections were cut, 
mounted in strict series and stained by Nissl’s method, Held’s 
methylene blue and erythrosin, and with methylene blue and 
eosin. 

Dorsal 12.—The vessels of the sheath of this ganglion on both 
sides were much engorged, but otherwise no gross change was 
present. . 

Lumbar 1. Left—When the ganglia were completely har- 
dened it wag at once evident that this ganglion differed from its 
fellows. It was smaller, and at the same time much softer than 
any other ganglion of the series, and whereas the other ganglia 
were hard and resistent to the finger the Ist lumbar ganglion of 
the left side had the semi-fluid feel of an over-ripe gooseberry. 
It was therefore divided transversely across the centre with a 
sharp razor, and was then seen to contain a mass of soft pulpy 
material in the centre. The two halves were embedded and cut 
together so that the exposed surface corresponded to the incision 
through this soft central mass. 

The following changes in an extreme form extend over forty 
sections. The centre of the ganglion is occupied by a large 
space with ragged edges. In sections taken from either end 
of the ganglion the centre is seen to be composed of effused blood 
more or less altered and surrounded and infiltrated with fibrin. 
Towards the periphery of tnis focus are a large number of small 
round cells which have stained deeply with methylene blue. 
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Amongst the débris in the centre no remains of ganglion cells or 
normal ‘ganglionic structure can be seen, but in the. peripheral 
layers broken down ganglion cells can be seen, staining.in some 
cases a rich golden colour. The contrast between these ganglion 
cells and the small round cells, with their deep blue staining, 
is marked. Between the focus of destruction in the centre and 
the ganglionic sheath are many ganglion cells which have stained 
pink with erythrosin or remained pale. 

. Thus the centre of this ganglion is occupied by a large 
hemorrhage which had completely destroyed it, whilst around 
this central focus lie ganglion cells that were* either dead or 
markedly. altered in vitality before the death of the patient. 
Moreover, the whole of the ganglion around the central focus of 
destruction is filled with small ‘round cells that.stain deeply with 
methylene blue. 

At the level where this change is best marked the anterior root 
is seen as a compact bundle lying in its own subdivision of the 
ganglionic sheath. 

The sheath of the ganglion shows no thickening and no,marked 
alteration of avy: kind. 

Lumbar 1. Right—The cells of this ganglion do not stain well 
with Nissl’s blue, but there is no hamorrhage and no infiltration 
with small round cells. The central vessel is well seen and con- 
trasts well with the hemorrhagic focus in a similar position i in the 
ganglion of the left side. 

Lumbar 2.—Neither right nor left ganglion show any marked 
change. 

Lumbar 3 and 4.—None of these ganglia show any change. 


(b) Peripheral Nerves. 


The peripheral branches of the 12th dorsal, 1st, 2nd, and 3rd 
lumbar were stained by Marchi’s method and examined in teased 
specimens and by sections, but no change was found. 


(c) Spinal Cord. 


As high as the upper dorsal region the whole area between the 
posterior horns was markedly destroyed. The vessels appeared 
to be plugged with clot of some standing, and the posterior 
columns were converted into a mass of débris consisting of 
broken-down fibres and a large number of small round cells, 
apparently leucocytes. 

In the mid-dorsal region this disintegration extends in an 
irregular manner into the lateral columns. Thus the cord showed 
myelitis mainly affecting the posterior columns, but also invading 
to a less degree other portions of the cord as high as the upper 
dorsal region. 

\ Above this no change is seen except the universal thickening 
of the walls of the vessels of the pia arachnoid. 


° 
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- Case 2.—James T., aged 85. Admitted to the London Hos- 
pital October 31, 1899. Died November 2, 1899. 


SUMMARY. 


A case of aortic obstruction and regurgitation. Admitted for 
cardiac fatlure with swelling of legs. Death followed two days 
after admission. 

An extremely gevere herpetic eruption was present over the area 
in fig. 2 corresponding to the 7th dorsal segment. It had begun to 
appear seven days before admission or nine days before death. 

Microscopically, the Tih dorsal ganglion on the right side was 
found to be profoundly affected. The whole ganglion was in- 
filtrated with small round cells and more than half the ganglion 
was riddled with extravasated blood. (Plate 1, fig. 1.) 

The peripheral nerve trunk for nearly 2 cm. from the ganglion 
showed profound inflammatory changes with an effusion of blood 
into the centre of the swollen nerve, changes identical with those in 
the ganglion. 

The 5th, 6th, 8th, and 9th dorsal posterior root ganglia and the 
7th dorsal ganglion of the left side were normal. 

No secondary degenerative changes were found in the posterior 
roots or spinal cord. ‘ 





Fra. 2. 


To show the distribution of the eruption in Case 2. 





History.—His speech has b2en husky for two years and he 
has had cough and increasing weakness for one year. On 
November 1, 1898, he was seized with pain over the heart which 
lasted for three hours. He then slept for two hours and woke 
without pain, but with dyspnoea which prevented his lying down 
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for three or four days. Since that time he has had frequent 
attacks of a similar kind. For the last eight weeks his legs have 
been swollen and he has been obliged to sleep in a chair for more 
than a week. 

There is no history of rheumatism in any form, but he admits 
syphilis. 

On admission he was extremely ill and lay propped up in bed 
with head thrown back on his pillows. His face was a little 
puffy and his legs and thighs edematous. There was an ex- 
tremely marked and severe herpetic eruption on the right side 
over the area in fig. 2 corresponding to the 7t dorsal. It had 
first appeared on October 24, and had now reached its full 
development. 

He suffered from no pain, but had dyspnoea with a short 
cough at times. The sputum was muco-purulent. 

Cardiac impulse heaving, diffuse and fairly regular, situated in 
the 6th intercostal space. An aortic systolic and diastolic mur- 
mur was audible, but there appeared to be no mitral systolic 
murmur. 

There was dulness with absence of breath sounds and vocal 
resonance over the left base. 

The urine contained one-fifth albumen. 

‚Progress —On the evening of November 1 he had a severe 
cardiac attack during which his pulse became irregular. He 
rallied somewhat after venesection, but died in the early morning 
of November 2, nine days after the appearance of the herpetic 
eruption. 


Post-mortem EXAMINATION. 


Hight hours after death, in cold weather. 

The right pleura contained two pints of clear fluid; the left 
was obliterated by old adhesions. Both lungs were emphysema- 
tous and congested. The left base was infiltrated with broncho- 
pneumonie patches to such an extent that portions of the lung 
sank in water. 

The heart weighed 164 oz. (467 grammes). Both sides were 
much enlarged. The left ventricle was dilated but not much 
hypertrophied, and parts of its wall were markedly fibrous. The 
right ventricle was dilated and its wall was hypertrophied. The 
aortic valves were much thickened and puckered, especially at 
the attached and free margins. The mitral valve was slightly 
thickened and admitted three fingers easily. Pulmonary and 
tricuspid valves normal. There was extreme atheroma of the - 
aorta. 

The spleen weighed 74 oz. (212 grammes). The kidneys 
contained one or two small cysts and the capsule was slightly 
adherent. The cortex when stripped was a little irregular. 
They were of normal size. The liver weighed 4 Ib. 3 oz. (1899 
grammes) and was slightly fatty. 
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The brain was normal in colour and size. Its arteries were 
tough, but showed no nodular thickening. The membranes were 
normal and stripped well. Pons, cerebellum, medulla, and cord 
normal to the naked eye. 


Microscopic EXAMINATION. 


A microscopic examination was made of (a) a series of posterior 
root ganglia, (b) a series of nerve roots, (c) a series of peripheral 
nerves, (d) the spinal cord, (e) the skin within the herpetic area, 
(f) certain lymphatic glands. 


(a) Posterior Spinal Ganglia. 


The 5th, 6th, 7th, 8th, and 9th root ganglia were dissected out 
and hardened for four hours in corrosive sublimate, washed in 
running water for sixteen hours, and placed in 80 per cent. spirit. 
From this strength they were gradually carried up to absolute 
alcohol. They were then embedded in celloidin and cut in series 
of longitudinal sections. 

Dorsal 7. Right.—When the 7th dorsal ganglion of the right 
side was dissected out it was at once obvious to the naked eye 
that it was different from its fellows. It was not reddened but 
looked swollen. Moreover, that portion of the peripheral nerve 
close to the ganglion was obviously swollen, being for a short 
distance nearly as thick as the ganglion itself. This portion was 
hardened and embedded with the ganglion and cut longitudinally. 

Microscopically (plate 1, fig. 1), the early sections, which 
include the sheath only, show extremely marked engorgement 
of the vessels, and over the swollen portion of the peripheral 
nerve blood seems in places to have escaped from the vessels. 
The sections through the ganglionic substance itself show three 
well-marked changes. Firstly, there is a great increase of small 
round cells which lie packed in thick clumps between the 
ganglion cells. These cells stain well with methylene blue. 
Secondly, the whole of that half of the ganglion on the side 
opposed to the anterior root bundle is honeycombed with small 
haemorrhages. Long streaks of extravasated blood run almost 
parallel to the contour of the capsule, and multitudes of small 
hemorrhages dot the substance of the ganglion. Thirdly, 
wherever the small round-celled infiltration is marked, and in 
the neighbourhood of each hemorrhagic spot, the ganglion 
cells have undergone a profound change. If a nerve-cell lies in 
the centre of a hemorrhage it does not stain at all with methylene 
blue, and in specimens prepared by the Nissl method appears as 
a white ghost. Such cells, however, stain readily with eosin or 
saffranin. If these cells are examined under a high power they 
are seen to be broken up into fine globular masses, and here and 
there they are eroded by leucocytes that have invaded their 
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capsule. There is no vacuolation or extrusion of nuclei. The 
cells have the appearance of a tissue that has been suddenly 
killed. On the other hand, in those parts of the ganglion which 
contain no hemorrhages but are infiltrated with small round 
cells, the ganglion cells are seen under a low power to stain fairly 
well, but under a high power they present a ground-glass ap- 
pearance with some reduction of Nissl bodies, but no vacuolation 
or alteration in the nuclei. Thus, considering that the ganglia 
were hardened in corrosive sublimate, these cells cannot be said 
to show any. marked change; for the appearances obtained in 
posterior root ganglion cells with this fixative flitfer from those 
that follow alcohol hardening, although in themselves they are 
equally constant and characteristic. 

Left.—This ganglion is normal and shows none of the changes 
present in that of the right side. 

Dorsal 5, 6 and 8. Right and left.—All normal. 


(b) Posterior Nerve-roots. 


The 5th, 6th, 7th, 8th, and 9th dorsal roots of both sides were 
stained by Marchi’s method. In no case could any definite signs 
of acute degeneration be discovered. The 6th and 7th dorsal 
roots on both sides were stained by Stroebe’s method (after 
treatment by Marchi’s method), and no change could be dis- 
covered. 


(c) Peripheral Nerves. 


Rather more than 1 em. of the peripheral nerve of the 7th 
dorsal on the right side remained attached to the ganglion, and 
was hardened, cut, and stained with that structure (vide supra). 
It showed signs of inflammation and hemorrhage, exactly resem- 
bling the changes seen in the ganglion. 

The posterior primary division and the anterior trunk of the 
6th, 7th, and 8th nerves on both sides were treated by Marchi’s 
method. No change could be discovered. 


(d) Spinal Cord. 


The spinal cord was hardened in Müller’s fluid, and every 
segment above the 9th dorsal was cut in celloidin. No change 
of any kind was discovered. 


(e) The Skin within the Area covered by the Eruption. 


Portions of skin on which the eruption was still well marked 
at death were hardened in a saturated solution of corrosive sub- 
limate and cut in the usual manner. They were stained for micro- 
organisms, but without result. Moreover, inoculations were made 
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from the vesicles on many different media, but in every case they 
remained sterile. These observations were kindly made for us 
by Dr. Bulloch, bacteriologist to the London Hospital. 

Sections through an unruptured vesicle show a éavity, the 
floor of which is formed by naked papille. These papilla, in a 
condition of profound inflammation, are infiltrated with masses 
of small round cells, which szain deeply. This infiltration with 
small round cells extends to the termination of the hair follicles 
and of the sweat glands. Here and there small collections of 
deeply-staining round cells ars seen even in the deeper layers of 
the skin, apart ffom either sweat glands or hair follicles. 

The vesicle is split up into incomplete cavities by irregular 
septa extending from the roof io the floor. These septa are evi- 
dently the remains of incompletely-severed epithelial layers. The 
cavity is filled with a fluid that has coagulated into a somewhat 
granular hyaline mass under tLe influence of the hardening agent. 
Within this mass lie small round deeply-staining cells and broken- 
down epithelial cells of all sizes and shapes, which have lost their 
prickles. In this case we were unable to see any of the large 
polynuclear cells not infrequently found in such vesicles. 


(f) Axillary Lymphatic Glands. 


It was noticed during life that the glands lying under the 
posterior border of the pectoralis and in the summit of the axilla 
were enlarged and tender. They were therefore incised two 
hours after death with rigid aseptic precautions, and cultivations 
were made from them by Dr. Bulloch. They were uniformly 
sterile. 

The glands were removed and hardened in corrosive sublimate. 
Sections showed no micro-organisms. 

Yet these same sections showed that the glands were in a 
condition of profound inflammation. Foci of small round-celled 
inflammation are scattered throughout, not only the glandular 
portion, but also throughout the trabecule. 


Case 3.—John K., aged 5. Admitted to Guy’s Hospital, 
April 9, 1897. Died April 21, 1897 (Dr. Pye-Smith). 





Summary. 


Admitted for acute bronchitis. Herpes zoster appeared on 
April 11 over the area in fig. 3 (dorsal 6). Death eleven days after 
from tubercular broncho-pneurionia and miliary tuberculosis. 
Acutely degenerated fibres were seen to enter the cord by the 6th 
dorsal root on the right side. This degeneration extended up in 
the posterior column as high as ihe level of entry of the 2nd dorsal 
root. ee 
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Fre. 3. 
To show the distribution of the eruption in Case 8. 





On admission the patient was a small fair boy in fairly good 
condition, and with no evidence of rickets. His temperature 
was 101°. . 

Respiration 30. Much dyspnoea and cyanosis. Mucous råles 
heard all over the chest. 

Pulse 156, small and irregular. Heart sounds faintly heard. 

Urive acid ; contains no albumen or sugar. 

April 11. Herpes zoster has appeared occupying an area 
behind corresponding to the eighth rib, whilst in front the erup- 
tion is situated over the fifth and sixth intercostal spaces. In 
the axilla is a third (lateral) patch situated on the horizontal 
level of a line joining the anterior or posterior patches (fig. 3). 

April 21. Died at 8.30 p.m. 


POST-MORTEM EXAMINATION. 


The bronchial glands were caseous, and one of considerable 
size was adherent to the left bronchus. Tubercles were scattered 
throughout the lungs, and some tubercular foci had begun to 
easeate. Both bases were collapsed, and showed in addition 
patches of broncho-pneumonia. 

Heart normal. x 

Spleen was enlarged and contained tubercles of various sizes 
on its surface and throughout its substance. 

Kidney contained a few tubercles. j 

Liver weighed 794 grammes. Tubereles seen on its surface. 
A little recent capsulitis. 

The spinal cord was removed, but as neither of us was present 
at the post mortem, unfortunately no ganglia were dissected out. 
The spinal cord was preserved in Miiller’s fluid and passed into 
the hands of one of us a few days later. 
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MICROSCOPICAL EXAMINATION. 


The spinal cord was divided into’ segments corresponding to _ 
the entry of the various nerve-roots, and each segment was 
stained by Marchi’s method. . Beginning below and examining 
segment by segment, no abnormality is seen until the level of 
upper part of the entry of the 7th dorsal root is reached. At 
this level a few scattered black dots are seen, not in the entering 
root, but in the root zone of the postero-external column. These 
black dots are sparse and much scattered, and the appearance 
in no way resemples that seen in the next segment above (plate 2, 
fig. 2). 

ö With the extreme lower bres of the 6th dorsal root on the 
right side a mass of black fibres are seen to enter and to spread 
out in the right posterior root zone (plate 14, fig. 2). The left 
side shows no black dots whatever, and the specimen is a par- 
ticularly clean Marchi preparation, without any diffuse black dots 
so often seen in less successful preparations. Degenerated fibres 
can be seen to eriter the cord by the 6th root on the right side as 
far up as the entry of the extreme upper fibres of this root. 

Throughout this part.of the cord opposite the entry of the 5th 
root the degenerated fibres are seen to lie partly in the posterior 
horn and partly in the root zone. In the segment opposite the 
4th root they have left the posterior horn and lie entirely in the 
root zone, leaving the entering root and posterior horn free from 
black. They steadily decrease in number, and at the level of the 
entry of dorsal 2 would easily be missed had they not been traced 
from below. 

(At this point the cord had been injured so that the upper 
part of dorsal 2, and the whole of dorsal 1 were unavailable for 
examination.) 

Cervical 8, and all the segments above up to the top of the 
cord were absolutely free from any signs of degeneration. 


Case 4.—Elizabeth V., aged 58. Admitted to Rainhill Asylum 
on August 23, 1860. Died July 5, 1900. 





SUMMARY. 


On June 22,1900, an imbecile patient developed a profound 
herpetic eruption over the arca in fig. 4, corresponding to dorsal 
12. She died from an undetermined cause thirteen days later. 

Post-mortem examination revealed no naked-eye disease in the 
nervous system except that the 12th dorsal nerve of the left side 
could be seen to be swollen in the neighbourhood of the ganglion ; 
but on microscopical examination the following changes were found: 

(a) There was an extreme necrotic lesion in the 12th dorsal 
ganglion of the left side, probably of vascular origin. This caused 
disintegration of three-fourths of the body of the ganglion. 
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(b) The 12th dorsal posterior root was profoundly degenerated 
‘on the left side. The 1st .lumbar root on the same side also- 
showed a few degenerated fibres. i 
(c) Both posterior and anterior primary divisions of the mized 
> nerve peripheral to the 12th dorsal ganglion on the left side showed 
“profound degenerative changes. 

(d) Degenerated fibres entered the spinal cord on the left side 
at the level of the 12th dorsal root. This degeneration, which 
appeared to have not yet reached its height, could be traced wp in 
the posterior columns as high as the 5th cervical segment. 





f Fia. 4. 
To show the distribution of the severe eruption in Case 4. 





History.—The record of her. forty years of confinement in 
Rainhill Asylum contains few facts of interest. ‘She was admitted 
at the age of 18 and was then classified as an imbecile. For 
the past fifteen years she remained in a state of almost complete 
dementia, dull, inattentive and unobservant, incapable of entering 
into conversation or engaging in any employment. She was 
always untidy in person and dirty in her habits. 

Though of delicate constitution and in feeble condition an 
occasional attack of diarrhaa is the only illness from which she 
is reported to have suffered. 

On June 22, 1900, an herpetic eruption accompanied b 
marked erythema appeared over the gluteal region of the left 
side. Fig. 4 is reproduced from some extremely careful drawings, 
to a scale of one-half life size, by Mr. Marriott, to whom our best 
thanks are due. At the same time the eruption was seen by one 

- of us and was found to correspond exactly with the drawings. 

The eruption had the following distribution. Viewed from 

behind it was seen to slope over the lateral aspect of the buttock. 
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There were two or three insignificant, isolated vesicles between 
the main eruption and the middle line, but the roughly serrated 
and very irregular inner margin of the concrete portion did not 
reach quite half way across towards the middle line, and the 
upper portion lay further outwards than the lower. The upper 
border was of convex shape and its summit was placed in the 
flank about one inch (2°5 cm.) above the crest of the ilium. The 
lower border sloped from behind downwards and forwards, 
- following a line drawn between the posterior-superior spine of 
the ilium and the, great trochanter. 

From the lateral aspect a more comprehensive view of the 
eruption was obtained. The upper border was again situated 
about one inch (2:5 cm.) above the ilium and ran almost parallel 
with the crest of that bone. The lower border still sloped 
down in a straight line and was continued on to the upper part 
of the thigh in front of the great trochanter. The lower portion 
of the eruption as seen from the side had a patchy appearance, 
owing to the presence of islets of healthy skin. 

From the front the eruption had a curious distribution difficult 
to describe. In the hypogastric region was a patch of consider- 
able size connected with the main eruption by a narrow neck; 
the upper margin of this patch ran transversely slightly below 
the level of the anterior-superior spines of the iliac bones. The 
inner border, which dropped more or less vertically downwards, 
lay from one and a half to two inches (4 to 5 cm.) to the left 
side of the middle line. Its lower border sloped downwards 
almost parallel to Poupart’s ligament and joined the inner border 
immediately above the mons veneris. 

Lastly, from the lower part of the main eruption two pointed 
streamers were seen running down the upper part of the front of 
the thigh parallel to Poupart’s ligament. The lower of these two 
projections consisted almost entirely of erythema. 

Along the crest of the ilium the vesicles were largest and most 
numerous. As the patient could not refrain or be prevented from 
scratching the eruption it rapidly became worse, and in the 
course of a few days the entire area had assumed an impetiginous 
character. Finally pustulation ceased, and healthy granulations 
formed. 

She was kept in bed during the whole of this period, and no 
change was noted in her gereral physical condition; but on 
July 5, thirteen days subsequent to the appearance of the erup- 
tion, she suddenly collapsed, her limbs became rigid, and she died 
in two hours’ time. 

A specimen of urine collected immediately prior to death was 
found to be loaded with albumen. 


POST-MORTEM EXAMINATIONS 


The examination was made twenty-two hours after death. 
The cadaver was thin, almost emaciated. 
Owing to the supervention of acute inflammatory hemorrhagic 
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changes, the area of skin over which the herpetic eruption was 
previously distributed could be defined with the greatest distinct- 
nebs; the cutis was shed, the surface excoriated, and the whole 
area had the colour and appearance of raw beef steak. The sub- 
cutaneous tissues in this region were also somewhat brawny and 
œdematous. 

No other sign of skin disease was noticed. 

Head.—The scalp was thickly covered with hair. With the 
exception of some increase in density the cranial bones were free 
from abnormality. The dura mater and its venous sinuses were 
also healthy. There was some excess of subdural fluid, but no 
blood or membrane formation. The pia-arachnoid membrane was 
slightly thicker than normal, but was not unduly adherent. 
The pial vessels generally were slightly engorged with blood, and 
the larger arteries at the base of the brain exhibited signs of early 
atheroma. 

The encephalon, though small, was of perfect shape. The 
convolutions in general were slightly wasted, but entirely free 
from gross or focal lesion of any sort; their disposition followed 

a simple type. 

The cerebral cortex was rather dark in colour, moderately 
hyperemic, and slightly reduced in depth. 

The lateral ventricles were somewhat dilated and contained a 
correspondingly increased amount of fluid. 

The condition of the white matter, basal nuclei, &c., calls for 
no remark. Also the cerebellum, pons, &e., showed no change 
worth noting. 

Spine.—No naked-eye change was observed in the spinal cord 
or in any of the series of posterior root ganglia and peripheral 
nerves which were extracted for microscopic examination. 

It must here be mentioned that careful examination proved 
the existence of only eleven pairs of ribs, the lowermost pair 
being absent. The discovery of this abnormality prevented a 
mistake in the enumeration of nerves and ganglia which might 
pals oceurred if the last pair of ribs had been taken as the only 

uide. 
£ Thorax —The chest was of small size and the ribs slender 
_ and easily broken, but there were no pleural adhesions and the 
lungs were in a healthy condition. 

The heart muscle appeared to be rather paler and softer than 
usual, but the organ was of normal size and shape and free from 
valvular lesion. The aorta also was not obviously atheromatous. 

‘Abdomen.—The peritoneum was in a normal state. 

The liver substance was rather soft. The gall-bladder con- 
tained about three dozen stones, having an average diameter of 
3 mm.; some were smooth and round, while others were faceted. 
All were of a grayish-yellow colour externally and had a dark 
brown core. 

The spleen was healthy. 

The capsule of the kidneys stripped cleanly and the cortex 
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and medulla were of normal relative depth, but the cortex was 
pale and the substance in general congested; it was not, how- 
ever, obviously cirrhotic. 

The bladder was moderately distended and contained high- 
coloured urine. 

The alimentary tract and the uterus, &c., were normal. 

The following weights were recorded: encephalon, 1,185 
grammes; right hemisphere, unstripped, 495 grammes, stripped, 
462 grammes ; left hemisphere, 500 grammes ; cerebellum, pons, 
and medulla, 160 grammes; right lung, 102 oz. (804 grammes) ; 
left lung, 9 oz.*(254 grammes); heart, 74 oz. (212 grammes) ;- 
liver, 35 oz. (990 grammes); spleen, 2 oz. (56 grammes) ; right 
kidney, 34 oz. (99 grammes) ; left kidney, 34 oz. (99 grammes). 


Microscopic EXAMINATION. 
(a) Posterior Root Ganglia. 


The ganglia were fixed in 5 per cent. formalin, and after treat- 
ment with alcohol were embedded in paraffin and cut serially in 
longitudinal sections. Some sections were stained with thionin, 
others by the method of van Gieson, and others with hæma- 
toxylin alone.’ 

Dorsal 12. Left.—This ganglion is the seat of most impor- 
tant changes: (plate 8, figs. 3 and 4). We will begin by describing 
the appearances seen in sections from about the middle of the 
ganglion, for here the changes are most obvious. The ganglion 
is so cut that it here appears as an oval body, to which at 
one end a portion of the posterior root, at the other a portion 
of ‘the peripheral nerve, are attached, whilst the anterior root 
is cut in its long axis and lies closely approximated to the less 
convex side of the oval ganglion. ; 

The whole ganglion is gravely diseased with the exception of 
about one quarter of the field that lies in close apposition to the 
anterior root. i 

The nerve cells in this diseased area are swollen and seem 
to distend the surrounding capsule.’ Their nuclei are likewise 


‘In a specimen of a posterior root ganglion which has been fixed in per- 
chloride of mercury and carefully prepared, the nerve-cells will be found to 
completely fill the investing capsule, and this we may regard as the normal 
condition; but in specimens fixed in formol, it is our experience that a certain 
amount of shrinkage occurs, and owing to retraction, the cell is attached to 
the sheath in places only, its periphery is jagged and spaces are left between 
it and the capsule. The latter condition we have noted in cells lying in the 
healthy portion of-this ganglion and also in cells of other ganglia from the 
same case which we have examined for control purposes, and therefore the 
statement that the cells in the diseased area ‘‘ seem to distend the surrounding 
capsule,” seems justifiable. ` 

We would mention that we employ formol for the fixation of tissues such as 
ganglia, because it allows us to display the condition of both nerve-cells and 
nerve-fibres in the one piece of tissue, which is often desirable. Alcohol and 
perchloride of mercury, of course, do not possess this advantage. 
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swollen, and in thionin speeimens stain of a uniform blue colour, 
which is so intense that no nucleolus and no trace of the normal 
delicate reticular arrangement of the nuclear substauce is recog- 
nisable. Further they retain their colour so firmly that they are 
still plainly evident even when decolorisation and differentiation 
are carried to an extreme extent and most other structures have 
given up the dye. In van Gieson preparations these nuclei 
appear of a dark brown colour, and with Ehrlich’s hematoxylin 
they assume a uniform deep purple. 

This intensely chromophilie condition of the nuclei, in addition 
to being a most prominent feature of these cells,*is also of impor- 
tance in so far as it affords a clue to the genesis of the ganglionic 
lesion in cases of herpes zoster, for we have noticed in cases of 
cerebral embolism or thrombosis in which the subsequent process 
of softening and disintegration has not proceeded so far as to 
preclude the possibility of a microscopic examination, that a 
precisely similar condition of the nerve-cells has existed, and as 
we shall presently indicate, there are other changes observable in 
this ganglion which favour the assumption that the primary cause 
of the lesion is of the nature of an interruption or obliteration of 
the local vascular supply. 

In regard to the bodies of these cells, the substance has a 
uniformly blurred appearance entirely devoid of definite structure, 
and the chromophilic particles of Nissl are completely obscured. 
The particles of pigment normally pertaining to the cell body 
remain, but they are altered in position; thus in the larger cells 
this pigment, instead of lying at one end of the cell close to the 
margin, tends to be arranged in the form of a halo or crescent 
round the nucleus, and is separated from the periphery on the one 
hand and from the nucleus on the other by a distinct space. In 
the van Gieson and hematoxylin preparations the substance 
composing the bodies of these cells has also a blurred look. 

Turning next to the condition of the supporting or ground 
substance of this area, its chief characteristic is that it is blurred ; 
that is to say it stains badly and more or less homogeneously. 
For instance, in the van Gieson specimens, the red blood-cor- 
puscles are of a grayish-brown colour, whereas in the normal 
condition they stain a vivid yellow or pale pink; then the nuclear 
elements which should be present in abundance, stain of a purple 
colour and be sharply defined, are on the contrary few in number, 
blurred and indefinite in outline and of a grayish-brown colour. 
But in spite of the defective stainingthe existence of extravasated 
red blood-corpuseles can be readily recognised evenly distributed 
over the whole area and not collected into large masses. 

The strands of nerve-fibres passing through the ganglion are 
plainly seen. They stain a pale pink tint by van Gieson’s 
method, and the primitive sheaths and axis cylinders absorb 
most of the colouy, and the latter are distinctly swollen. All these 
fibres give the impression that they are undergoing an acute 
degenerative change. 
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The periganglionic sheath covering the diseased area does not 
‘seem to be specially thickened, nor infiltrated with small round 
cells, nor are there any hemorrhages in it. i 

Coming now to that part of the ganglionic substance lying 
adjacent to the anterior root which has been alluded to as 
approximately normal, all the constituent elements stain per- 
fectly well by the various methods. Thus in the nerve-cells a 
deep-stained nucleolus and a pale nucleus with its delicate 
reticular network is recognisable, the chromophilic elements of 
Nissl are clearly defined, and the pigment is normally disposed. 
The nuclei of tHe supporting tissue stand out clearly. Here the 
structure of the walls of the blood-vessels can be plainly defined. 
The corpuscles contained in these vessels stain normally, but every 
vessel is engorged with red blood-corpuscles, leucocytes are un- 
duly abundant in their neighbourhood, and in many places 
extravasations have occurred. 

This intense hyperemia is undoubtedly a pathological condi- 
tion, and cannot be ascribed to post-mortem hypostasis. It 
resembles the zone of hyperemia investing an embolic infarct 
in a kidney. 

The remaining serial sections of the ganglion show that the 
area which has undergone disintegration is sharply circumscribed 
and involves fully three-quarters of the substance of the body of 
the ganglion. 

It must next be mentioned that the hyperemic and hosmor- 
rhagic condition described above is not confined to the ganglion, 
for on examining the attached portion of the peripheral nerve one 
finds that an extensive pouring out of blood has occurred in the 
centre of the bundle; lines of effused red blood-corpuscles sepa- 
rate the strands of nerve fibres from one another, and these, 
along with numbers of engorged blood-vessels, can be followed 
along it for a distance of several millimeters, continuous with the 
hemorrhage in the ganglion. This hemorrhagic area was noticed 
with the naked eye before the ganglion was imbedded, and in 
transverse section had a diameter of about 1 millimeter. 

As the parts are so disorganised by hemorrhage it is difficult 
to fix on any individual arteriole in this situation, an occlusion of 
which one might regard as the starting point of the mischief; but 
entering the distal end of the ganglion and proceeding into the 
centre of the diseased area already noted, is an artery of fairly 
large size which is suspicious in appearance, for instead of being 
congested, as all the other vessels are, it is quite empty, and there 
is also an excess of leucocytes along its wall. 

Lastly, in the portion of the posterior root shown in these 
sections are more hemorrhages and engorged vessels, but the 
anterior root is apparently free from such change, although the 
large artery which accompanies it is somewhat full of blood. 

Dorsal 12, left; Dorsal 10 and 11, right and left; Lumbar 1 
and 2, right and left.—These ganglia are all free from noteworthy 
alteration. 
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(b) Posterior Spinal Nerve-roots. 


The posterior roots of both sides, from dorsal 11 to lumbar 2 
inclusive, were stained by Orr's modification of Marchi’s method 
(osmic acid 2 per cent. 4 parts, acetic acid 1 per cent. 1 part). 
They were then dissected out into their component twigs and 
one by one carefully teased and mounted in glycerine. We can 
confidently recommend this method for displaying degeneration 
in the spinal roots, because by it the condition of every fibre 
contained therein can be definitely ascertained. 

Dorsal 12. Left.—As was expected, this reot shows pro- 
nounced changes (plate 16, fig. 1). 

It enters the cord in four twigs. In the first or uppermost 
twig fibres showing acute degenerative changes occur abundantly. 
To begin with, some are swollen and broken up into irregular 
beads or segments, each segment consisting of a ring of dark 
brown medullated substance which may be empty or may contain 
dark or pale round nuclei. On following along such a beaded 
fibre, one or more blackened clumps of myelin will generally be 
found in its course. Such fibres are probably in an early stage of 
degeneration. 

In the next place, fibres are present which, although they 
possess a regular outline, are swollen in some lengths and con- 
tracted in others, their groundwork also stains more palely than 
that of the normal fibre, and in addition, distributed along their 
course and contained within the outer sheath, blackened globules 
of altered myelin occur; it is common to see these globules 
arranged in the form of large round or oval beads, but occasion- 
ally they occur as collections of small circular masses. Between 
these globules the substance of the nerve is in places strewn 
with coarse, highly refractile, pale brown particles; these are not 
unlike pigmented bodies, and they give a granular appearance to 
the portion of the fibre which they occupy. Such fibres as that 
last described are extremely common and probably represent a 
more mature stage of degeneration. 

The remaining three twigs show similar changes, and an 
excess of fibrous tissue is manifest in none. 

Dorsal 12. Right.—One glance at the preparations of this 
root suffices to prove that they are entirely different from those of 
the left side. 

Careful search under a high power does show an isolated 
degenerated fibre here and there, but there are not more than ten 
altogether, and these are of no importance and are commonly 
found in Marchi preparations when there is no reason to suppose 
gross disease to be present. The remainder of the fibres are 
quite normal, their investing ring of myelin running in the form 
of a straight tube and being interrupted only at the nodes of 
Ranvier. 

Dorsal 11. Right and left.—Careful teasing and searching 
examination only shows a few isolated degenerated fibres, and 
there is no excess of connective tissue. 


THE PATHOLOGY OF.HERPES ZOSTER 425 


Lumbar 1. Right and left.—There is again an isolated de- 
generated fibre here and there. ' 

Lumbar 2. Right and left —No changes of consequence. 

Transverse and longitudinal sections of the above roots cut in 
parafin afford confirmatory evidence of the above statements. 


(c) Peripheral Nerves. 


The peripheral branches of the 11th and 12th dorsal and the 
ist and 2nd lunfbar on both sides were stained by Orr’s modifica- 
tion of Marchi’s method. Some portions were teased and 
mounted in glycerine, whilst other portions were cut in paraffin 
both transversely and longitudinally. 

Dorsal 12. Left.—The nerve is composed of two branches, 
one small one proceeding posteriorly, and another of larger size 
passing anteriorly. Both divisions show pronounced and impor- 
tant degenerative changes of an acute nature. - 

The small posterior division is most severely affected, and very 
few fibres can be discovered in it which appear to be in a normal 
condition. 

Fibres possessing the following characters, all indicative of 
degeneration, are extremely common, and go to form the main 
bulk of the bundle. The normal cylinder of medullated substance 
is untraceable, and has been replaced by collections of black or 
dark brown globules ; the groundwork stains of a pale-gray colour, 
and in it are distributed ‘crowds of coarse, circular, refractile 
dark brown granules which occasionally occur in lines or fusiform 
clumps; swollen in some places, contracted in others, these 
fibres have a wavy outline. A few fibres are present in which 
the myelin sheath is swoller, beaded, and broken up into large 
oval or circular segments. Following such a fibre along, some 
clumps: of blackened myelin, arranged in the form of beads, can 
generally be recognised in some parts of its course. f 

The anterior primary division of this nerve contains con- 
siderably more healthy fibres, but at the same time degenerated 
fibres are numerous. The pale-stained coarsely granular fibres 
are not so numerous as in the posterior primary division, but the 
segmented fibres and fibres in which the blackened masses of 
myelin have run into beads are more frequent. 

These changes in the nerve-fibres were all noted in the teased 
preparations. Examination of sections, both transverse and 
longitudinal, affords confirmatory evidence of their existence, and 
shows further that the capillary blood-vessels which course in the 
endoneurium of these nerves are greatly distended, and have in 
many instances ruptured, so that the blood has poured out and 
separated individual nerve-fibres from one another. 

After carefully comparing the preparations of this peripheral 
nerve with those of the corresponding posterior spinal nerve-root, 
it may be definitely stated that histologically the changes in the 
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nerve-fibres of both structures are identical in character if 
different in degree. 

Dorsal 12. Right.—A fibre here and there shows doubtful 
signs of degeneration, but on the whole it is healthy, and cer- 
tainly entirely different from the corresponding: nerve of the 
opposite side. g 

Dorsal 11. Left.—There are a few, perhaps eight or ten, 
degenerated fibres. 

Dorsal 11. Right.—A good specimen of a degenerated fibre 
is not to be found. Along the course of many fibres an isolated 
black globule is here and there recognised; it is to be noted, 
however, that these globules never lie in the substance of the 
fibre, but always on the surface between the primitive and 
medullary sheaths, and occasionally they occur opposite to the 
nodes of Ranvier. 

Lumbar 1. Left.—There is no doubt that a considerable 
number of fibres are degenerated, but such fibres are infinitely 
less numerous than they are in the 12th dorsal nerve of the same 
side. The degeneration is indicated by black beads or globules 
running along the course of the fibres. 

Lumbar 1. Right.—In this nerve degenerated fibres are 
extremely scarce. 


(d) Spinal Cord. 


Method of examination.—Stained: by Orr’s modification of ihe 
method of Marchi, and cut transversely in paraffin (plate 12, fig. 1). 

Dorsal 12.—Sections from the lower end of the segment show 
a few scattered degenerated fibres in the dorsal half of the postero- 
external column of the left side, but no diseased posterior root- 
fibres on the point of entry. At the middle of the block a few 
entering degenerated fibres are noticed. At the upper end of the 
segment a considerable number of fibres- have entered and taken 
up a position along the inner margin of the left posterior cornu 
in its dorsal two-fifths, and other degenerated fibres are still 
passing in through Lissauer’s tract. 

Though the existence of this degeneration is unmistakable 
and the contrast between the two sides very marked, yet it does 
not seem to have quite reached maturity, for many fibres, though 
swollen and otherwise altered, do not give the black reaction with 
‘osmic acid, and on that account the diseased field is not so 
obvious as it probably would have become had a somewhat 
longer period elapsed between the outbreak of the eruption and 
death. 

Lastly, it must be noted that the substance of the left posterior 
cornu immediately ventral to the substantia gelatinosa Rolandi is 
dotted with degenerated fibres. There is no degeneration what- 
ever in any other part of the section, and no evidence of menin- 
gitis or any other disease. 

Dorsal 11.—Few or no degenerated posterior root-fibres enter 
at this level. 


THE PATHOLOGY OF HERPES ZOSTER 427 


Hugging the inner margin of the left posterior cornu. in its 
dorsal half, but scarce at the periphery, is a distinct collection of 
degenerated fibres which from their position we can safely assume 
entered at dorsal 12. The degenerated fibres seen in the sub- 
stance of the posterior horn of the left side are still present. 

The right posterior column is normal, and the same remark 
applies to the rest of the field. 

Dorsal 10.—The degeneration is beginning to leave the vicinity 
of the posterior cornu, but still touches it at the innermost part of 
the field. 

Dorsal 9.—The degeneration is removed still further inwards, 
and has now assumed the form of a thin strip extending from the 
periphery to a point on the inner margin of the cornu opposite to 
the column of Clarke. 

Dorsal 8 and 7.—Similar to dorsal 9. 

Dorsal 6.—The degeneration occurs as a faint strip lying 
nearer to the posterior cornu than to the posterior median: 
septum, and extending from the periphery inwards almost as far 
as the posterior commissure. 

Dorsal 5.—Similar to dorsal 6. . 

Dorsal 4.—The degeneration is gradually approaching the 
middle line. 

Dorsal 3.—The diseased fibres are becoming difficult to trace. 
At the periphery they lie about midway between the posterior , 
median septum and the tip of the posterior horn, and from there 
they extend forwards to the middle of the posterior: commissure. 

Dorsal 2.—Similar to dorsal 3. 

Dorsal 1 and cervical 8.—The degeneration is still traceable. 

Cervical 7.—Some of these sections are particularly good ones 
and the degeneration is plainly seen in them ; it first follows the 
septum which divides the column of Goll from the column of 
Burdach, and then, joining the posterior median septum, it pro- 
ceeds along it down to the posterior commissure. 

In cervical 6 and 5 a few blackened fibres can be recognised 
lying alongside the left postero-lateral septum, but above this the 
degeneration cannot be followed. 

Lumbar 1.—No degenerated fibres enter the posterior columns 
at this level. Just a few blackened fibres are visible in the dorsal 
two-thirds of the postero-exiernal column of the left side. 

A few degenerated fibres are also seen in lumbar 2 in a like 
position, but below this level the cord is normal. 


Case 5.—William C., aged 5. Out-patient at the London 
Hospital, September 4, 1897. Died September 18, 1897. 





SUMMARY. 


The child came to the hospital with the eruption out over the 
area of the 11th dorsal segment. l 
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Fourteen days afterwards he died of exhaustion and alight 
broncho-pneumonia aided by starvation. 

On microscopical examination, the 11th dorsal ganglion was 
. found to be infiltrated with small round cells, and two small 
hemorrhagic foct were present. The remaining ganglia were 
normal. 

There was marked degeneration in the fibres of the 11th dorsal 
posterior root on the left side. A few degenerated fibres were seen 
in the 12th dorsal root. The remaining roots were normal. 

Marked degeneration was seen to enter the cord with the 11th 
dorsal posterior root of the left side. This degenération could be 
traced up as high as the level of entry of the Tth dorsal root, but 
was then lost. 

Degeneration was found in the nerve-fibres on the peripheral 
side of the ganglion, both just after the posterior primary division 
has been given off and also a few inches from the patch on the skin. 





Fig. 5. 
To show the distribution of the eruption in Case 5. 


The patient came to the receiving room at the London Hos- 
pital on September 4, complaining of pain in the abdomen. A 
few spots of herpes were visible. On September 9 he was again 
seen, and the herpes was fully developed over the area in 
fig. 5. The child did not seem ill, but he “lay about.’ His 
temperature was 99-6° F. (37:6°C.). No cough. No physical signs 
in the chest. Nothing could be felt in the abdomen. Bowels 
opened, Marked swelling of glands in left groin. 

On September 18, fourteen days after the eruption, the parents 
came to say that the child had died in the afternoon. One of us 
made a post-mortem examination with the following result :— 


POST-MORTEM ExAMINATION. 


Forty-eight hours after death, in cool weather. 
The body was much emaciated and there were still unhealed 
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` and scabbed sores over the territory recently occupied by the 
eruption. i . 

Heart normal. 

Lungs normal, except for a little bronchitis and a very. few 
scattered patches of broncho-pneumonia at both bases. 

The stomach and small intestine were empty. 

Liver, spleen, and kidneys normal. 

The brain was normal. Vessels normal. 

It is probable that owing to the extreme poverty of the 
parents the child died of collapse induced by starvation. There 
was no food in*the house, and several of the other children were 
evidently suffering from hunger. The mother stated that she 
had had no food in the house for two days, and every particle of 
furniture had been sold. 


MICROSCOPICAL EXAMINATION. 


An examination was made of (a) a series of posterior root 
ganglia; (b) a series of spinal nerve-roots ; (c) certain peripheral 
nerves; ‚(d) the spinal cord. i 


(a) Posterior Root Ganglia, 


An examination was made of the 9th, 10th, 11th, 12th dorsal, 
and Ist lumbar ganglia of both sides. The ganglia were hardened 
in 96 per cent. alcohol and embedded in paraffin in such a way 
that the ganglion of the right and of the left side at each level 
was contained in the same olock. Each block containing two 
ganglia was cut and stained in strict series. The sections were 
stained by Nissl’s method and counterstained with saffranin or 
with erythrosin. 

Dorsalll. Left.—In transverse serial sections of this ganglion, 
beginning at the exit of the posterior root, no change is seen at 
first, except an increase in the small round deeply-staining cells of 
the interstitial tissue. But as soon as the fibres of the posterior 
root begin to spread out in the substance of the ganglion, these 
small round cells increase in number (plate 3, figs. 1 and 2). Atone 
point on the periphery of the ganglion they form an inflammatory 
focus, in the centre of which a small hemorrhage is visible. 
Further along the series, at about the centre of the ganglion, this 
hemorrhage increases in size and appears as a straw-coloured 
mass in the centre of a compact focus of deeply-staining small 
round cells. This focus extends throughout the ganglion until that 
part'is reached where the peripheral sensory nerve trunk begins 
to be distinctly formed. Thus, throughout fifty sections passing 
through the centre of the ganglion a distinct hemorrhage is visible 
situated on the periphery of the ganglion just below its sheath, 
and this hemorrhage is surrounded by small round cells. Within 
this area the ganglion cells stain a uniform blue and appear as 
dark blue undifferentiated masses. Here and there, however, 
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especially close to the borders of the straw-coloured hemorrhagic 
mass, the colourless remains, or “ ghosts,” of ganglion cells are 
seen. Even the nucleoli of such cells are only very faintly 
stained. In addition to this definite focus, small round cells are 
seen to be in excess throughout this ganglion. 

Dorsal1l. Right.—No abnormality of any kind in the ganglion 
cells or interstitial tissue is present in this ganglion. 

Dorsal 9, 10, and 12, and Lumbar 1. Right and left.—All 
normal. 

(b) Posterior Nerve-roots. ° 

The 10th, 11th, and 12th dorsal nerve-roots were stained by 
Marchi’s method, cut transversely and longitudinally, and also 
carefully teased. 

Dorsal 10. Right and left—Normal. 

Dorsal 11. : Left.—Many fibres in this root show undoubted 
degeneration of the acute type. These fibres are seen in longitu- 
a section scattered over the field, and are not collected into a 
buhdle. : 

Dorsal 11. Right.—-No degeneration. 

Dorsal 12. Left.—In this root there seem to be a few defi- 
nitely degenerated fibres. The black dots are jet black, lie in 
rows, and with a high power can be seen to lie definitely in the 
substance of the nerve-fibre. There are also a considerable num- 
ber of leucocytes which stain black, possibly owing to their having 
picked up products of degeneration. 

Dorsal 12. Right.—Normal. The longitudinal sections are very 
clean Marchi’s specimens, and show no change resembling that 
seen in the left nerve-root. 


(c) Peripheral Nerves. 


The peripheral nerves connected with the 10th, 11th, and 
12th dorsal ganglia were stained by Marchi’s method and cut 
transversely and longitudinally and also teased. 

Dorsal 10. Right and Left.—Normal. 

Dorsal 11. Left.—Shortly before the nerve enters the gan- 
ne it is seen tio contain a small number of definitely degenerated 

res. 

Nearer the periphery, at a short distance from the herpetic 
patch on the skin, a few distinctly degenerated fibres are seen. 

Dorsal 11. Right.—No change. 

Dorsal 12.—No degeneration in the nerves of either the right 
or left side. i 


(d) The Spinal Cord. 


The cord was stained by Marchi’s method after hardening in 
Müller’s fluid, and sections were eut of every segment from the 
3rd cervical to the 38rd lumbar (plate 11, fig. 1). 
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Beginning from below upwards, no change is seen until the 
level of entry of the 11th dorsal root is reached. Here there is 
obvious and extremely marked degeneration of the fibres that 
enter from the posterior root on the left side. At the level of 
entry of the 10th dorsal root the degeneration is seen to the 
inner side of the posterior horn, but the entering root is free 
from blackened fibres. At the level of the 7th dorsal root de- 
generated fibres can still be seen in the postero-external column, 
but all degeneration disappears at the level of the entry of the 
6th dorsal root, The cord above this point is normal. 

Thus the degeneration can be traced upwards in the spinal 
` cord for three segments only above the entry of the affected root. 


Case 6.—Robert M., aged 35, clerk. Admitted to Rainhill 
Asylum August 21, 1896. Died February 9, 1897. 





SUMMARY. 


Admitted to Rainhill Asylum August 21, 1896, suffering from 
dementia paralytica. 
December 14, 1896, he developed herpes zoster over the area in 
fig. 6, corresponding to the 3rd cervical. 
He died from seizures of dementia paralytica on February 9, 
1897, fifty-seven days after the appearance of the eruption. 
On microscopical examination the following changes were 
ound :— 
2 (a) Posterior root ganglia.—The 8rd cervical ganglion of the 
left side was severely diseased. A considerable segment was 
entirely denuded of nerve-cells and nerve-fibrés, and the ganglionic 
sheath investing the affected area was thickened. 
(8) Posterior spinal roots —The 83rd cervical root of the left 
side showed marked sclerosis and signs of an acute degeneration, the 
products of which were being absorbed. Some bundles of the 4th 
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To show the distribution of the eruption in Case 6. 
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‘root on the left side also seemed to have undergone change, but this 
was a less certain change than that of the 3rd root. 

(c) Peripheral nerves.— The trunk and branches of the 3rd, and 
to a less extent of the 4th cervical nerve, were partially sclerosed, the 
change being more marked at the periphery than in the neighbour- 
hood of the ganglion. 

(d) Spinal cord and medulla oblongata.—The entering fibres 
of the 8rd cervical posterior root on the left side were markedly 
degenerated, and a few degenerated fibres seemed to enter the cord 
at the level of the 4th and possibly the 2nd cervical root on the left 
side. These fibres collected in a systematised fiekd of degeneration 
which could be traced wp to the nucleus cuncatus of the same side. 





Clinical. — No history obtainable. On admission he was 
extremely demented. The pupils were contracted (3 mm.) im- 
mobile and the margins uneven. Deep and superficial reflexes 
much exaggerated. Muscles in general wasted and pavretic; 
locomotion impossible. Tongue could not be protruded and was 
very tremulous. Articulatory trouble so marked that he could 
not even pronounce his own name. Pulse 86, regular. Heart, 
lungs, genito-urinary and alimentary systems normal. 

December 14, 1896. Developed severe herpes on the back 
of the neck on the left side over the area indicated in fig. 6. The 
vesicles soon became confluent, and the hair covering the por- 
tion of scalp affected was matted together by exudation. The 
eruption was accompanied by no rise of temperature or altera- 
tion in his general physical or mental condition. 

December 28. The skin of the margin of the eruption was 
beginning to look healthy, but at the centre there was still 
marked scabbing and reddening; the hair of the affected scalp 
was falling out. 

On January 17, 1897, he had three seizures, and it was 
noted that he had fallen off greatly in weight. 

On January 27 he had five more seizures, on February 2 
another, on February 9 three more, and from the last of these 
he did not rally. i 
. Interval between the date of the herpetic eruption and the 

date of death, fifty-seven days. 


POST-MORTEM EXAMINATION. 


The examination was made thirteen hours after death in eold 
weather. Body thin, almost emaciated; skeletal and muscular 
development poor; no localised muscular atrophy, and no con- 
tractures. 

In the portion where the herpetic eruption had been most 
intense, the skin was white and smooth, and there were some 
scabs ; there was also a bald patch of occipital scalp along the 
lower border on the left side. 
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Calvaria of average size, slightly thickened and increased in 
density; dural sinuses partly filled with post-mortem blood clot ; 
dura mater slack anteriorly, no localised thickening or unusual 
adhesions to bone or arachnoid. A marked excess of clear watery 
cerebro-spinal fluid. The encephalon weighed 1,135 grammes. 

The main cerebral vessels showed general thickening, but 
there was no calcification. 

The arachnoid presented the universal opacity and thickening 
characteristic of advanced general paralysis. The pia mater was 
markedly thickened and slightly ansmie. It was very adherent, 
and decortication attended its removal; this was most pronounced 
over the central convolutions. 

The brain was a small one, but the hemispheres were equal 
and the segments proportionately developed. The convolutions 
were rather complexly arranged, but were generally wasted, the 
atrophy being most noticeable frontally. The sulci were all wide 
and shallow. 

The right hemisphere, with its membranes, weighed 487 
grammes, the left 497 grammes. 

The cortex cerebri was dark in colour, firm, slightly anæmic, 
reduced in depth and indistinctly striated. 

The white substance was of healthy colour and consistence, 
and normal vascularity. The lateral ventricles were enlarged, 
and contained an excess of fluid, and the ependyma was slightly 
granular. 

The basal nuclei were free from focal lesion. 

The corpus callosum and other commissures were healthy, 

The cerebellum weighed 137 grammes, its cortex was dark 
and thin, and its general consistence firm. 

In the pons there was no noteworthy change. 

The gray and white tissues of the medulla oblongata were 
healthy to the naked eye, but the ependyma of the fourth 
ventricle was very thick and granular. 

The pons and medulla together weighed 30 grammes. 

The cranial nerves were healthy to the naked eye. 

Adhesions of an abnormal character existed between the 
dura and arachnoid all along the dorsal aspect of the spinal 
cord ; the pia-arachnoid was unusually opaque, and there was 
an excess of cerebrospinal fluid. 

The spinal nerve-roots and posterior root ganglia in the 
cervical region of either side presented no gross macroscopic 
‚change. 

The superior and middie cervical sympathetic ganglia also 
appeared the same on both sides to the naked eye. 

Nine ribs on the right side and seven on the left showed old 
fractures. Those on the right side were the 2nd, 3rd, 4th, 5th, 
6th, 7th, 8th, 9th, and 10th; and of these the 5th, 6th, 7th, 9th, 
and 10th were fractured in two places. All these ribs were 
broken at points between one and two inches from the costo- 
chondral articulation, and in the case of those which were 
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broken twice, the second fracture was situated some three inches 
or more from that joint. The broken ribs on the left side were 
the 4th, 5th, 6th, 7th, 8th, 9th and 10th; several of these were 
fractured in two places, and the break in every case lay between 
one and three inches from the costo-chondral joint. All these 
fractures were of old-standing, and in the case of the majority 
firm union had occurred, but in some (more particularly the 
lower ones) slight movement could be obtained at the site of 
the fracture. There was considerable displacement in some 
instances, and around all much callus had been thrown out. 
They were probably all of the same age (about six months). The 
right pleural cavity was obliterated by old fibrous adhesions ; the 
left was free. 

The general colour of the lungs was dark and a few broncho- 
pneumonic patches were found in both. 

The pericardium contained a normal amount of clear fluid. 

The heart was of rather small size and weighed 8 oz. (226 
grammes), its muscle was dark and firm. Little clot was present 
in its chambers, there was no organic disease of valves or aorta. 

Peritoneum healthy. 

The liver weighed 39 ozs. (1,103 grammes). Some old 
adhesions existed between the upper surface of the right lobe 
and the diaphragm. Its substance was dark and firm on section 
and the gall bladder was healthy. 

Spleen dark and firm; weight 3 ozs. (84 grammes). 

The capsules of the kidneys stripped cleanly, the substance 
was dark and firm, and the organs were small. The right 
kidney weighed 3 ozs. Na grammes), the left 34 ozs. (99 grammes). . 

The suprarenal glands, stomach, pancreas, intestines and 
bladder were normal. 

On the foreskin of the penis the existence of some scars 
pointed to previous syphilitic infection, and there was excess of 
fibrous tissue in both testicles. ‘ 


Microscopic EXAMINATION. 


A microscopic examination was made of (a) a series of pos- 
terior root ganglia, (b) a series of spinal nerve-roots, (c) a series 
of peripheral spinal nerves, (d) the superior cervical sympathetic 
ganglia, (e) the spinal cord and medulla oblongata. 


(a) Posterior Root Ganglia. 


The posterior root ganglia examined were the 2nd, 8rd, 4th, 
5th and 6th cervical of both sides. 

Cervical 3. Left—The ganglion was hardened in formalin 
4 per cent., and without further preparation fixed in gum on a 
freezing microtome, and cut. transversely but not serially. 
Numerous sections were stained (a) for the display of nerve- 
cells by the method of Nissl, (b) for the display of connective 
tissues with Mallory’s hematoxylin, (c) for the display of nerve- 
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fibres by an original method with osmie acid and hematoxylin, 
which may be briefly deseribed as follows :— 

(1) Warm for afew minutes in osmic acid 1 per cent. until 
sections brown. 

(2) Wash thoroughly in water. 

(3) Warm for a few minutes in the solution of hematoxylin 
employed in the Weigert-Pal method. 

(4) Wash in water and decolorise by method of Pal. 

(5) Counterstain with Held’s solution of erythrosin. 

The majority of the sections, however stained, show im- 
portant alteratiofs (plate 5). 

On that side of the ganglion furthest away from the an- 
terior root is an extensive diseased field of crescent shape, the 
convexity of the crescent being represented by the, circum- 
ferential margin of the ganglion, round about two-thirds of 
which it stretches. This focus extends inwards for about 
1'275 mm., so as to invade from a quarter to one-third of the 
sectional field of the ganglion. The affected substance is con- 
posed of small round cells arranged in masses and in lines, of 
fields of coarse fibrous tissue and of newly-formed blood-vessels, 
and itis remarkable that every single nerve-cell and nerve-fibre 
has disappeared from this area. The line of demarcation be- 
tween the healthy and diseased fields, under a low power of 
the microscope, looks abrupt and definite, but under a higher 
power one can make out that some of the nerve-cells on the 
border line are degenerated. 

The remainder of the substance of the ganglion is healthy. 
But that part of the sheath of the ganglion which covers the 
affected area is greatly thickened, its component lamelle are 
widely separated from one another, infiltrated by numbers of 
small round cells, and rich in thickened and congested blood- 
vessels. The anterior root as it passes round the ganglion is 
normal. 

It is unfortunate that this ganglion was not cut in-series so 
that the seat of maximum affection might be correctly localised, 
but as the sections toward either end of the ganglion are less 
affected than the central ones it appears that the diseased focus 
is situated mainly in the median longitude of the body. 

Cervical 3. Right.—Stained and cut in the same way as the 
ganglion just described. It shows no change and differs funda- 
mentally from the corresponding ganglion of the opposite side. 

Cervical 2, 4, 5and 6. Right and left.—Show no change. 


(b) Spinal Nerve-roots. 


Both anterior and posterior roots were stained by Marchi’s . 
method, and cut longitudinally and transversely. 

Cervical 3. Left.—Where the roots pierce the dura, three 
bundles of the sensory root ere undergoing acute degeneration, or ` 
have undergone degeneration, and the products are already 
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partly absorbed. For these bundles have a hazy look, their 
component fibres are blurred and swollen, and the fat droplets 
are gray in colour. In the neighbourhood of these three bundles 
are others which are to some extent sclerosed. 

In sections nearer to the ganglion where the sensory and 
motor roots can be more readily differentiated, about one-third 
of the fibres of the sensory root have disappeared, and are replaced 
by fibrous tissue. These diseased bundles are clumped together 
at one end of the section (plate 16, fig. 2). 

The anterior root is perfectly healthy and shows none of these 
changes. 

Cervical 3. Right.—This root shows no change. 

` Cervical 4. Left. There is slight apparent thickening of the 
sheath over one bundle, but this may be due to the obliquity of 
the section. If there is any change it is extremely slight. 

Cervical 4. Right.—Normal. 

Cervical 2,5 and 6. Right and left.—Show no change. 


(c) Conjoint Peripheral Nerves. 


Stained by Marchi’s method, and cut transversely and longi- 
tudinally. 

Gorom 3. Left.—This nerve presents a very striking appear- 

„ance, In the more peripheral sections when the nerve is split 
up into numbers of small bundles there is hardly one that is not 
markedly sclerosed. In sections nearer the ganglion where the 
bundles are large the sclerosis is less evident. 

Cervical 3. Right.—This nerve shows no change. 

Cervical 4. Left.—The sensory bundles close up to the 
ganglion show scattered sclerosis. Towards the periphery three 
bundles appear to be absolutely sclerosed. 

Cervical 4. Right.—No change. 

Cervical 2,5 and 6. Right and left—Normal. 

Great. occipital nerve. Left.—Stained by Marchi’s method. 
No individual bundle possesses quite its full complement of fibres, 
and in three bundles in particular there is a great falling out of 
nerve-fibres and a replacement by fibro-cellular tissue. There 
is practically no acute degeneration,.and the perineurium looks 
healthy. The blood-vessels have thickened walls. 

Great occipital nerve. Right.—There is absolutely no acute 
degeneration. No patches of sclerosis are seen as on left side. 

Small occipital nerve. Right and left.—No obvious degener- 
ative alteration. 


` (d) Superior Cervical Sympathetic Ganglia. 


Right and left—These ganglia were hardened in formalin 
4 per cent., and sections were. stained—(1) by the method of 
Nissl, (2) with Mallory’s hematoxylin, (3) with osmic acid and 
hematoxylin, as those of the 3rd cervical posterior root ganglia. 
This, method displays the non-medullated fibres well, but by 
none of the processes were morbid changes discovered. 
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(e) Spinal Cord and Medulla Oblongata. 


Stained by the method of Marchi (plate 10, fig. 2). 

Cervical 3.—Both transverse and longitudinal sections were 
cut at the level of entry of the 3rd cervical roots. 

The extraspinal portion of the left posterior root as it appears 
in these sections is almost entirely free from acute degeneration, 
but is sclerosed. No acute degeneration can be seen in Lissauer’s 
root zone. But immediately after entering the cord the posterior 
root-fibres show typical acuie degeneration which can be clearly 
made out in both longitudinal and transverse sections. There is 
further, a field of acutely degenerated fibres in the left postero- 
external column, which on sransverse section is seen to hug the 
posterior cornu. These diseased fibres are most numerous 
opposite the substantia gelatinosa Rolandi, whence the field 
tapers inwards and ends about two-thirds of the way along the 
posterior horn. 

In the centre of the gray substance of the left posterior cornu 
is another isolated small collection of degenerated fibres. 

Cervical 2.—Transverse and longitudinal sections.—In the 
outer part of the left postero-external column the above-men- 
tioned strip of degeneration is very clearly seen. It is again 
widest in its most dorsally situated part, and tapers inwards as 
before, but it is not now so closely applied to the margin of the 
cornu. 

Fibres of large and small size are commingled in the degener- 
ated area. In the intraspinal but notin the extraspinal portion 
of the entering left posterior root are a few acutely degenerated 
fibres. Indications of degeneration are again visible in the gray 
substance of the left posterior cornu. 

There are a few degenerated fibres in the lateral columns on 
both sides, such as are so commonly found in cases of dementia, 
paralytica. 

The pia-arachnoid is perhaps a little thick and more cellular 
than normal, but there is no localised meningitis. The arteries 
in places show signs of arteritis. 

Cervical 1.—In the lateral one-third or one-fourth of the left 
funiculus cuneatus is a prominent field of degenerated fibres, 
extending from the nucleus cuneatus, which is here forming, to 
the periphery. These fibres are more numerous in the ventral 
than in the dorsal portion. On a rough estimate there are about 
500 diseased fibres, and they are mainly of small calibre. 

Medulla Oblongata.—Immediately above the pyramidal decus- 
sation there is a well-marked collection of degenerated fibres in 
the outer one-third of the left funiculus cuneatus, and this is 
continuous with a thin line of diseased fibres, which skirts the 
periphery of that column. A few degenerated fibres are also 
visible in the cuneate nucleus. 

Medulla oblongata. Level of lower end of great olive.—The 
degenerated fibres lie in thas part of the funiculus cuneatus which 
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is nearest to the sensory root of the fifth nerve and the substantia 
. gelatinosa Rolandi. Their number has diminished greatly 

Medulla oblongata. At lower end of fourth ventricle—The 

degenerated fibres can still be traced in the lateral portion of the 
funiculus cuneatus, and some diseased fibres are seen streaming 
into the so-called external cuneate nucleus which is appearing at 
this level. A band of external arciform fibres lies between the 
degeneration and the surface; these fibres and likewise the 
internal arciform fibres are free from degeneration. 
_ Medulla oblongata. Through middle of great olive.—Round 
the left nucleus cuneatus on its dorso-lateral and ventral aspects 
are a few scattered degenerated fibres. A few black dots are also 
present within the nucleus. 

It is impossible, owing to the method of staining, to say any- 
thing definite concerning changes in the nerve-cells of the 
nucleus. 

Medulla oblongata. Through upper end of nucleus cuneatus.— 
At the periphery fringing the left nucleus cuneatus just a few 
degenerated fibres can be defined, and there are also a few black 
dots in the substance of the nucleus. 

Higher than this the degeneration is not traceable. 


Spinal Cord below the entry of the affected Root. 


Cervical 4.-There are just a few scattered degenerated fibres 
of small calibre in the dorsal and lateral part of Burdach's column 
on the left side, and a very few degenerated posterior root-fibres 
seem to be entering at this level. 

Cervical 5.—A very few black dots are seen along the inner 
margin of the left posterior cornu. These may be descending 
collaterals, but it is difficult, owing to their small number and 
scattered appearance, to be sure if they can bear this interpretation. 

Cervical 6.—No change in posterior columns. 

Cervical 7, 8 and Dorsal 1.—No change in the posterior 
columns. ` 

All the sections of medulla oblongata and spinal cord show 
disseminated degenerated fibres in both pyramidal tracts asso- 
ciated with the dementia paralytica from which this patient 
suffered. 


Case 7.—Frank C., aged 32. Admitted to Guy’s Hospital 
(Dr. Hale White), April, 1895. Died September 2, 1895. 


SUMMARY. 


A man of 32 suffered for a year with progressive anemia and 
enlargement of the spleen, for which he took arsenic over a con- 
siderable period. On admission to Guy's Hospital both spleen and 
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liver were found to be enlarged, and there was some enlargement of 
the lymphatic glands. The blood showed marked increase of poly- 
nuclear leucocytes with eosin-staining granules. 

On May 29, 1895, he developed a profound erwption of herpes 
zoster over the area in fig. T corresponding to the And dorsal. 

His general condition became gradually worse, and he died on 
September 2, 1895, ninety-six days after the eruption first began to 
appear. 

Post-mortem examination showed marked general enlargement 
of the spleen. The liver was also enlarged and contained collections 
of leucocytes th¥oughout its substance. The marrow of the long 
bones was replaced by a yellow jelly-like mass. 

The site of the previous herpetic eruption was extremely clearly 
marked out by brown pigmented patches. 





` 


Fic. 7, 
To show the distribution of the eruption in Case 7. 


On microscopical examination the following changes were 
ound :— 
á (a) Posterior root ganglia.—The 2nd dorsal ganglion of the left 
side showed a distinct locai lesion destroying the nerve-cells and 
fibres over a considerable extent of the body. 

(b) Posterior spinal nerve-roots.—In the 2nd dorsal posterior 
root of the left side several nerve fasciculi were manifestly diseased ; 
with the method of Marchi these bundles presented on the whole a 
pale sclerosed aspect, but they also contained the partially-absorbed 
remnants of an acute degeneratwe process. 
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In the 37d dorsal root of the same side a few degenerated fibres 
could be recognised. 

(c) Peripheral nerves——Some bundles of the left Ind dorsal 
conjomt trunk were altered similarly to the 2nd dorsal posterior 
root. There were no obvious changes in the 3rd dorsal nerve. 

(d) Spinal cord.—Many nerve-fibres which entered from the 2nd 
dorsal posterior root of the left side and a few fibres from the 
. 1st dorsal root were acutely degenerated, and these fibres collected 
to form a systemic field of degeneration which could be followed up 


as far as the left nucleus cuneatus. ; 
e 


History.—In April, 1894, he began to suffer from attacks of 
pain in the left side with cold sweats at night. In June his 
abdomen and feet began to swell. In November the extraction 
of two teeth was followed by profuse bleeding lasting forty-six 
hours. 

He served in the army, but for the last three years has been a 
general labourer. 

He took arsenic from August, 1894, to March, 1895, in the 
Croydon Hospital. 

There is no history of syphilis. 

On admission, he was somewhat wasted. The anæmia wa 
not very marked. ü 

The abdomen was distended, and on palpation a splenic 
tumour could be felt occupying the left hypochondriac and 
lumbar regions. Its surface was smooth and its edge even. 
The tumour edge began at the ensiform cartilage and extended 
downwards to a point 14 inches (3-75 em.) to the right of the 
umbilicus and teached below to within 1 inch (2°5 cm.) of the 
iliac crest. f 

The liver was enlarged, and the edge could be felt below the 
costal margin. Some ascites was present. 

The inguinal, axillary, and right posterior cervical glands were 
enlarged. ; 

Heart normal, except that a systolic bruit was heard at the 
apex. Examination of the blood showed that the white cor- 
. puscles were much increased. The majority of the white cor- 
puscles were larger than usual, containing two or three neucleoli, 
and with granules that stained with eosin. 

Urine was normal. 

Progress of the case.—Spleen varied in size but did not greatly 
increase. Temperature was raised each night. 

May 29. Herpes zoster appeared over the area in fig. 7. 
The vesicles appeared on an inflamed base, enlarged, and became 
confluent, forming bulle. Extremely marked pain was present 
which continued on and off until August. The vesicles healed, 
but the whole area on which the eruption had appeared was 
covered by dark brown pigmented scars, probably due to the fact 
that he had been taking arsenic until within a fortnight of the 
eruption. 
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The patient became extremely thin, and he began to have 
attacks of diarrhea. The temperature was permanently raised, 
with nightly exacerbations. He became gradually weaker, and 
died on September 2, 1895, ninety-six days after the appearance 
of the eruption. 


Post-MORTEM EXAMINATION. 


Made twenty-four hours after death. The position of the 
herpetic eruption was extremely well marked out by dark stains 
on the skin. ° 

Both pleural cavities consained fluid. The upper part of both 
lungs was emphysematous and oedematous. 

Spleen weighed 84 oz. (2°37 kgm.), and was soft and smooth. 
It contained a large infarct. 

Liver weighed 85 oz. (24 kgm.). Throughout its substance 
were. collections of leucocytes. ; 

Heart normal. 

The femur contained a jelly-like yellow mass replacing the 
absorbed cancellous tissue. The marrow of the sternum was 
very pale. 

The nervous system showed no naked-eye change, and was 
preserved for microscopic examination. 


Microscopical EXAMINATION. 


A microscopic examination was made of:—(a) a series of 
posterior spinal root ganglia, (b) a series of spinal nerve-roots, 
(c) a series of peripheral nerves, (d) the spinal cord. 

4 


(a) Posterior Root Ganglia. 


The following ganglia were examined :—The 2nd, 3rd, 4th, 
6th, 7th and 8th cervical, and the 1st, 2nd, ard, 4th and 5th 
dorsal, all of the left side. 

The method of examination employed in the case of each 
ganglion was as follows :—The entire ganglion along with the 
attached spinal nerve-roots and a portion of the conjoint 
peripheral nerve-trunk was stained en bloc by the method of 
Marchi. After imbedding in celloidin, serial sections were made 
in the longitudinal direction, and every alternate section of the 
series was mounted. 

Dorsal 2.—Of the twenty-three sections mounted the first six 
show remarkable changes in the sheath and body of the ganglion 
(plate 7). The sheath is thickened and blurred all round, 
it is infiltrated by small round cells, and its contained blood- 
vessels are extremely congested with red» blood corpuscles. 
Within the sheath in the substance of the ganglion there is not 
a single nerve-cell or nerve-tibre of any kind to be made out, the 
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place which they should occupy being entirely filled up by a 
collection of foreign tissue which does not stain with osmic acid, 
and in which lie numerous collections of brown coarsely-granular 
amorphous pigment and many congested blood-capillaries. 

In the next two or three sections the ganglionic field exhibits 
a transition stage between a healthy and a diseased condition, 
that is to say, some portions of the field are occupied by morbid 
tissue as above described, others by normally arranged collections 
of nerve-fibres and nerve-cells. With regard to the structure of 
these nerve-cells nothing definite can be stated, as the method of 
Marchi is not adapted for displaying them, but of the bundles of 
nerve-fibres a considerable number are acutely degenerated, with 
rows of irregular-shaped black masses running along the course 
of these fibres; other bundles seem to be to a large extent 
sclerosed. : 

In the remaining sections the ganglion, so far as can be 
judged from the method of Marchi, presents a healthy appear- 
ance, nerve-cells and nerve-fibres are abundant, and there is a 
complete absence of any destructive change. 

Thus over a certain area of the ganglion the sheath -is 
thickened and, diseased, and the ganglionic substance subjacent 
to this portion of altered sheath is destroyed to about one-fourth 
of the depth of the whole ganglion. 

Dorsal 1.—The blood-vessels in the connective tissue in the 
environment of the ganglion show marked congestion, but this is 
a common appearance not to be regarded as pathological. The 
nerve-cells and nerve-fibres seem to be normally represented, and 
with the exception of one or two minute pale-stained granular 
foci of doubtful significance no change is manifest. 

Cervical 8, 7, 6, 4, 3 and 2.—The ganglia show no noteworthy 
change. l 
- ‘Dorsal 3, 4 and 5.— The ganglia show no noteworthy change. 


(b) Spinal Nerve-roots, Anterior and Posterior. 


Dorsal 2.—The major portion of the posterior root appears to 
be healthy, or only shows an acutely degenerated fibre here and 
there, but there are several bundles which exhibit changes of a 
pronounced character. Most noticeable is a deficiency in number 
of healthy fibres and a substitution for them of unstained fibro- 
cellular tissue; in short, a form of sclerosis. Scattered over the 
same field are rows of irregular-shaped blackened fatty particles, 
indicating nerve-fibres actually undergoing disintegration, and in 
the same field an abnormal number of congested capillaries are 
distinguishable. 

A continuity between these diseased bundles and the focal 
lesion described under the heading of the second dorsal ganglion 
can be traced. 

The anterior root is not degenerated. 

Dorsal 1.—Some few nerve-fibres in the posterior root seem to 
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be undergoing degeneration, but the change is by no means a 
striking one. 

The anterior root is normal. 

Cervical 8, 7, 6, 4, 3 and 2.—All normal. 

Dorsal 3, 4 and 5.—All normal. 


(c) Conjoint Peripheral Nerve-trunks. 


Dorsal 2.—Examined near the ganglion. The major portion 
of the conjoint grunk seems to be healthy, but there are one or 
two bundles which are in large measure sclerosed, and also con- 
tain a few acutely degenerated fibres and many congested 
capillaries. There are likewise degenerated fibres in considerable 
numbers in what seems to be the posterior primary division of 
the nerve. 

Dorsal 1.—There are a few fibres visible which seem to be 
degenerated, but the evidence of degeneration is not pronounced. 

Cervical 8, 7, 6, 4, 3 and 2.—All normal. 

Dorsal 3, 4 and 5.—All normal. 


(d) Spinal Cord. 


Method of examination.—Portions of the cord were taken 
from the levels of entry of all nerve-roots from the lst sacral 
to the 1st cervical inclusive. These blocks were stained by the 
method of Marchi and cut transversely and in some cases longitu- 
dinally as well (plate 10, fig. 1). 

Dorsal 2.—In transverse section degenerated fibres are seen 
to enter in the left posterior root, and a well-defined strip of 
diseased fibres is seen hugging the inner margin of the left posterior 
cornu. This field of degeneration extends from the periphery to 
a point about midway along the cornu, it tapers off internally, 
is thickest at. about its middle, and, in that part of it situated 
next the periphery, the degenerated entering root-fibres are cut 
longitudinally or obliquely. 

This can hardly be called a ‘‘ mass degeneration,” because the 
individual diseased fibres ere all separated from one another by 
interposed healthy tubules, and on a rough count their ‘otal 
number only just exceeds 300. 

It is to be further noted that in the centre of the gray 
substance of the left posterior horn, immediately ventral to the 
substantia gelatinosa, a few diseased fibres of small calibre are 
seen cut transversely. 

The postero-external column of the right side is normal, and 
all other columns are also free from degeneration. Special 
attention must be drawn to the fact that all the degeneration in 
the spinal cord is essentially of an acute nature, and that there is 
no indication whatever of post-degenerative sclerosis in any part 
of the intraspinal course of the degenerated posterior root-fibres. 
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This is an important fact, because, as has already been mentioned, 
examination of the affected posterior root prior to its entry 
reveals the predominance of a sclerotic over an acute degenera- 
tive change. . 

Dorsal 1.-—Trausverse sections opposite the level of entry of 
the posterior roots show that the field of degeneration in the left 
postero-external ‘column noted in dorsal 2 is translated slightly 
inwards, so that while the inner tapering portion still hugs the 
posterior cornu, the more dorsal thicker portion is separated from 
the cornu by an appreciable interval. Again, a few acutely degen- 
erated. fibres are seen entering in the left postericr root, and there 
also appears to be a slight increase in the numerical strength of 
the fibres in the degenerated field. Again, also, a few degenerated 
‘blackened fibres are visible in the gray substance of the posterior 
cornu just ventral to the gelatinous substance. 

Longitudinal sections at this level well display the degenerated 
fibres which have entered at dorsal 2, and likewise confirm the 
point above mentioned, that a few diseased fibres are entering’ 
from the 1st dorsal root of the left side. 

Cervical 8.—The degenerated fibres are scattered in comma 
form in the left postero-external column. The head of the comma 
is at the periphery, the tail touches the posterior horn at a point 
rather more than half way down its inner margin, and the 
convexity is directed towards the middle line. A space is thus 
left between the area of degeneration and the dorsal half, of the 
posterior cornu, which contains practically no degenerated fibres. 

Cervical 7.—The field of degeneration maintains its comma 
form but is placed still further inwards; the head of the comma 
lies in the inner half of the postero-external column at the 
periphery, its convexity touches the intercolumnar sepium, and 
the tail gradually tapering off just reaches the inner margin of 
the neck of the posterior cornu not far behind the posterior 
commissure. 

Cervical 6.—The field containing degenerated fibres is be- 
coming cuneiform. It is situated mainly in the inner and 
posterior angle of the postero-external colunm. The tail of the 
above-mentioned comma is disappearing and degenerated fibres 
no longer touch the posterior horn. f 

Cervical 5.—The degenerated fibres are clumped together in a 
wedge-shaped area at the posterior and inner angle of the postero- 
external column. 

Owing to a gradual disappearance of degenerated fibres which 
has been occurring all the way up the cervical region, the total. 
number of diseased fibres at this level is considerably diminished 
when compared with the sections at the level of dorsal 1. 

Cervical 4.—The degenerated fibres lie in a similar position to. 
that they occupied at cervical 5, but the field has lost its wedge 
shape, and is beginning to retreat from the periphery. 

Cervical 3.—The degeneration is still further removed from 
the periphery. 


. 
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Cervical 2.— The degenerated fibres are very sparsely scattered 
at this level, and indeed difficult to locate at all, but a careful 
examination leaves no doubt of the existence of a few, and these 
from their position are evidently making for the head of the 
nucleus of the left funiculus cuneatus. 

Cervical 1.—Similar to cervical 2. 

In sections higher up, showing the cuneate nuclei, it can just 
be made out that degenerated fibres enter the inner side of that 
body. 


Case 8.—Elizabeth B., aged 76. Admitted to Marylebone 
Infirmary (Mr. Lunn), January, 1895. Died February 18, 1896. 


SUMMARY. 


Admitted with right hemiplegia and in a demented condition. 
November, 1895, had another “ fit.” 
` November 7, 1895, developed an acute attack of zoster over the 
area in fig. 8. 

She died from pneumonia on February 18, 1896, 103 days after 
the attack of zoster. 

On post-mortem examination the left cortex showed two areas 
within which the whole cerebral substance had been destroyed. 
The outer surface of the right hemisphere of the cerebellum showed 
a similar area of softening. 

On microscopical examination the following changes were 
ound :— 

4 (a) Posterior root ganglia.—The 12th dorsal ganglion of the 
right side showed a pronounced focal lesion destroying nerve-cells 
and nerve-fibres over a considerable extent of the body. 

(b) Posterior spinal nerve-roots.—In the 12th dorsal root of 
the right side a number of fasciculi exhibited manifest changes. 
Nerve tubules had disappeared and were replaced by fibro- 
cellular elements and collections of partially-absorbed degenera- 
tive products. 

(c) Peripheral nerves.—The 12th dorsal conjoint trunk of the 
right side was similarly ajfected to the above-mentioned posterior 
root. i 

(d) Spinal cord.—As soon as the fibres of the 12th dorsal pos- 
terior root of the right side entered the cord, they showed the typical 
staining reaction of acute degeneration, and pursuing the recog- 
nised course of a root lesion, they could be followed along in the 
posterior columns as far up as the Tth cervical segment. 

Degeneration was also seen in the right lateral pyramidal and in 
the left direct pyramidal tracts, and a few degenerated fibres in the 
left lateral pyramid, due to the cerebral softening and connected in 
no way with the herpetic lesion. , 
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Fre, 8. 


To show the distribution of the eruption in Case 8, 





No history of her general condition could be obtained beyond 
the fact that she had long been an inmate of the Workhouse, 
and that she was admitted to the Infirmary in January, 1895, 
with right hemiplegia. She remained in a demented condition, 
passing urine and fæces under her, until November, 1895, when 
she had another ‘fit,’ in which the left half of the face and 
the left arm were convulsed. 

On November 7, 1895, she developed an acute attack of herpes 
over the area in fig. 8. 

At this time her condition was as follows:—She could not 
name any object at sight, but had no sign of motor aphasia. 
Right arm and right leg were absolutely paralysed, and both 
were in a condition of extreme contracture. Sensation to pain 
was everywhere present. The right knee-jerk could not be 
obtained, but this was possibly due to marked changes in the 
joint. Left knee-jerk was just obtained. Both plantar reflexes 
‘were brisk, the right more so than the left. The right ankle 
was ankylosed, and thus could not be examined for ankle clonus. 
No ptosis, ocular paralysis or nystagmus were present. Pupils 

‘yeacted to light and accommodation. Some weakness of move- 
ment was visible about the lower part of the right half of the 
face. She could only protrude the tongue to a slight extent. 
Incontinence of urine and feces. 

All the arteries were extremely thickened and degenerated, 
but otherwise there was no noteworthy change in the circulatory 
or respiratory systems. 

She died of pneumonia on February 18, 1896, 103 days after 
the attack of herpes zoster began. 


POST-MORTEM EXAMINATION. 


Made forty hours after death in bitterly cold weather. The 
post-mortem room was at the external temperature. 
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Rigor mortis well marked. 

Well marked dark brown scaly scars were present over the 
area that had been occupied by the eruption. 

_ No bedsores or other changes in the skin. ` 

Some turbid yellow fluid was present in the left half of the 
chest, and the parietal pleura on the left side was covered with 
flakey yellow lymph. The upper lobe of the left lung was solid, 
and the lower lobe airless and collapsed. The right lung was 
universally adherent and showed signs of general bronchitis. - 

The heart was normal, axcept that its walls were soft and 
fatty. The aorta was somewhat atheromatous. ; 

Peritoneum normal. Liver somewhat fatty. Capsule of the 
spleen much thickened. Kidneys were slightly granular. 
Bladder normal. . - 

Nervous system.— The spiral cord was beautifully firm through- 
out, and showed no gross anatomical change. The brain weighed 
1,105 grammes; when separated the right hemisphere weighed 
509 grammes, (stripped 481 grammes), the left hemisphere 424 
grammes (stripped 396 grammes), the cerebellum 95 grammes. 

The vessels were exceedirgly tough and degenerated. 

The brain was much shrunken and wasted, and the dura 
mater lay in folds. l 

On the outer aspect of tke left cerebral hemisphere were two 
isolated areas, where the cortex and subjacent white substance 
had been destroyed for a long time owing to thrombotie arterial 
occlusion; both were situated in the posterior segment of the 
hemisphere. The larger pazch, measuring about 4 cm. in its 
maximum vertical by 5 cm. in its greatest horizontal diameter, 
extended transversely from the posterior end of the sylvian fissure 
in front to within 1 cm. of tae posterior margin of the occipital 
lobe behind, and vertically from 1 cm. below the horizontal 
limb of the intraparietal sulcus above to the posterior extremity 
of the 2nd temporal suleus below. The entire cortex and the 
subjacent white substance down even to the ependyma of the 
posterior horn of the lateral ventricle, was destroyed over practi- 
cally the whole angular and posterior parietal gyri and over 
parts of the supramarginal, oceipito-parietal and oceipito-temporal 
annectant gyri. 

The smaller patch, measuring about 3 cm. in the vertical direc- 
tion by 1°5 cm. in the horizontal, had its centre at the upper 
end of the ascending limb of the intraparietal sulcus and 
involved adjacent parts of the supramarginal and superior parietal 
gyri. The ascending parietai convolution had escaped. 

On the inner aspect of the same hemisphere was another 
narrow patch of old-standing softening, beginning in front at the 
anterior end of the calcarine fissure and running horizontally 
backwards along that fissure to the tip of the occipital lobe. 
This lesion had destroyed ail the cortical and subjacent white 
_ substance between the collateral and calcarine fissures, and it 
had spread upwards, involving the lower and hinder part of the 
cuneus. 
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Cerebellum.—On the under surface of the right hemisphere 
of the cerebellum was another extensive area of old-standing 
softening, measuring 4 em. in the antero-posterior by 5 cm. in 
the lateral direction; internally this area reached to within 
about 1:5 cm. of the middle line; posteriorly and externally it 
almost touched the margin of the hemisphere, and anteriorly it, 
approached to within a couple of em. of the margin. It repre- 
sented a destruction, to-a depth of from 1:5 to 2 em., of the 
outer third or half of the inferior anterior lobe, of the major 
part of the inferior middle and inferior posterior lobes, and of 
that part of the superior posterior lobe which is seen on the 
ventral and posterior aspect ofthe hemisphere. The area 
destroyed corresponded to the distribution of the right posterior 
inferior cerebellar artery. The nucleus dentatus was intact. 


Mioroscoric EXAMINATION. 


A microscopic examination was made of:—(a) a series of 
posterior root ganglia; (b) a series of spinal nerve-roots; (c) a 
series of peripheral nerves; (d) the spinal cord. 


(a) Posterior Root Ganglia. 


Of the posterior root ganglia the following were examined— 
the 5th, 8th, 9th, 10th, 11th and 12th dorsal, and the Ist and 
Qnd lumbar of the right side and the 8th, 9th, 10th, 11th and 
12th dorsal, and the lst and 2nd lumbar of the left side. 

The method of examination employed in the case of each of 
these ganglia, with the exception of the 10th and 11th dorsal of 
the right side, was as follows :—The entire ganglion, along with 
the attached spinal nerve-roots, and a portion of the conjoint 
peripheral nerve-trunk, was stained ex bloc by the method of 
Marchi, with the object of demonstrating whether any acute 
degeneration of medullated nerve-fibres existed. After em- 
bedding in celloidin, serial sections were cut in the longitudinal 
direction, and every section of the series was mounted. In the 
case of the 10th and 11th dorsal ganglia of the right side the 
block was divided into two equal halves; one portion was then 
‚cut longitudinally, the other transversely. 

Dorsal 12. Right.—This ganglion shows profound changes 
(plate 8, figs. 1 and 2). Situated immediately beneath the capsule, 
mainly in the distal half of the ganglion, is a definite circum- 
scribed focus of disease which extends inwards for a distance of 
1:25 mm., and involves, roughly speaking, from one-fourth to 
one-third of the ganglion. This area has a deep brown uniformly 
granular aspect, and contains neither nerve-cells nor nerve-fibres ; 
its outline is wavy, and its shape necessarily varies in different 
sections. .It is obviously the broken-down remains of a large 


hemorrhage, around which secondary sclerotic changes have 
‚occurred. 
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The sheath of the ganglion overlying this focus is markedly 
thickened by what appears to be a small round-cell proliferation, 
and the blood-vessels ramifying therein are extremely congested 
and stand out prominently. A zone of ganglionic substance lying 
in contact with and bounding the diseased focus, is also dis- 
organised; it stains palely, and in it there is an apparent pro- 
liferation of fibro-cellular connective tissue elements. The blood- 
vessels within this zone are congested, and nerve-fibres and nerve- 
cells have disappeared. 

In other parts the sheath of the ganglion looks healthy, and 
the remainder of the ganglionic substance contains nerve-cells and 
nerve-fibres in normal abundance. The method of Marchi, of 
course, does not permit of any judgment concerning the existence 
of fine changes in these nerve-cells. But in the strands of nerve- 
fibres intertwining the ganglion cells, marked indications of de- 
generation can be demonstrated. For in the first place, compared 
with sections of normal ganglia, the fibres are in parts scanty, 
and it looks as if a considerable number had entirely vanished as 
a result of past degeneration ; and, secondly, along the course of 
many of those which remain, globules and lumps of blackened 
fat, typifying acute parenchymatous degeneration, may be seen. 

Dorsal. Left.—This ganglion is normal and shows none of 
the changes seen in the ganglion of the opposite side. 

Dorsal 5, 8, 9, 10 and 11. Right and left.—Show no change. 

Lumbar land 2. Right and left.—Show no change. 


(b) Spinal Nerve-roois, Anterior and Posterior. 


Dorsal 12. Right.—The bundles forming the posterior nerve- 
root show two important changes. Firstly, in a number of 
fasciculi there is a pronounced disappearance of healthy nerve 
tubules and a substitution of fibro-cellular connective tissue 
elements. In some bundles hardly a single medullated nerve- 
fibre can be discerned. Secondly, many of the fibres which 
remain are undergoing acute degeneration, and others show 
partially absorbed degenerative products along their course. The 
anterior root contains its full complement of nerve-fibres and 
shows no change resembling that seen in the posterior root. 

Dorsal 12. Left.—Both posterior and anterior roots show no 
change. 

Dorsal 8, 9, 10 and 11. Right and left.—Show no change. 

Lumbar land 2. Right and left.—Show no change. 


(c) Conjoint Nerve-trunks Peripheral to Ganglia. 


Dorsal 12. Right.—Close up to the ganglion, where the 
motor and sensory fibres are enclosed in separate bundles, the 
latter show marked changes. The sensory group is almost en- 
tirely composed of fibro-cellular tissue, in which run congested 
blood-vessels, and contains hardly any nerve-fibres; those nerve- 
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fibres which remain in this bundle nearly all contain degenerate 
products. 

On the other hand, the motor bundles are filled with their full 
complement of healthy nerve-fibres. 

These points can be excellently seen in both the transverse 
and longitudinal sections of the nerve-trunks. 

In the nerve-trunk, about two inches away from the ganglion, 
though little or no acute degeneration can be discovered, there is 
still an undoubted diminution in number of healthy nerve-fibres ; 
two fasciculi contain hardly any nerve-fibres at all, and absolutely 
none of the others possess their full complement.” 

Dorsal 12. Left.—On this side the peripheral nerve differs 
markedly from that on the right side, for here all the bundles 
are well filled with normal fibres. 

Dorsal 5, 8,9, 10 and'11. Right and left—Show no change. 

Lumbar land 2. Right and left—Show no change. 


(d) Spinal Cord. 


Method of examination.—Portions of the cord were taken from 
the levels of entry of all nerve-roots from the 3rd sacral to the 
1st cervical inclusive; these blocks were stained by the method 
of Marchi and cut transversely ; several longitudinal sections of 
portions of the 10th, 11th and 12th dorsal blocks were also. 
made (plate 12, fig. 2). 

Dorsal 12.—It has been already noticed that in that portion of 
the 12th dorsal posterior root of the right side situated between 
the ganglion and the spinal cord, the morbid change consisted of 
sclerosis and acute degeneration combined, the former predomi- 
nating. Now on entering the spinal cord it is to be observed, 
firstly, that exactly at the point where the pencils of the root 
penetrate the cord there is a brief length where there is no 
degeneration at all (as Obersteiner has shown the fibres here are 
bereft of their medullary envelope) ; secondly, that as soon as the 
pencils of the root enter the cord acute parenchymatous degenera- 
tion immediately becomes evident and sclerosis is absent or un- 
recognisable. In transverse sections the degenerated fibres are 
well seen in the first part of their course cut longitudinally and 
running for a short distance alongside the inner margin of the tip 
of the posterior cornu. In longitudinal sections made parallel to 
the right posterior cornu, the same fibres are beautifully displayed 
obliquely cut immediately after they enter. In the postero- 
external columns of the same side transverse sections show some 
70 to 100 degenerated fibres immediately opposite the sub- 
stantia gelatinosa Rolandi. These fibres are derived from pencils 
of the root which, entering lower down, have at this level assumed 
a vertical direction. Furthermore, situated in the centre of the 
vight posterior horn, almost midway between the column of 
Clarke and the caput cornu, is a small isolated bundle of degene- 
rated fibres of delicate calibre; these also seem to have come 
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from the posterior root at a lower level. All these degenerated 
fibres, both those in the postero-external column and those within 
the posterior corhu, are well seen in longitudinal section. In the 
next place, a few fibres of the right anterior root exhibit signs of 
degeneration in their intraspinal course. 

“Lastly, scattered all over the field of the right lateral ppe 
tract are degenerated fibres of large calibre, and a few diseased 
fibres are visible in the left anterior and the left lateral pyramidal 
tracts. This degeneration is a typical descending one, the result 
of the lesion in the left cerebral hemisphere described in the 
autopsy report? it can, of course, be seen in all the succeeding 
sections, but as it obviously has no association with the herpetic 
lesion it will not be further alluded to. 

Dorsal 11.—In transverse sections the entering fibres of the 
right posterior root are very different from those of the level last 
described, little if any degeneration being present in them. The 
degenerated fibres in the postero-external column are most nu- 
merous opposite the substantia gelatinosa Rolandi, but the field 
in which diseased fibres may be found extends further inwards 
towards the posterior commissure than it did at dorsal 12. The 
isolated degenerated bundle in the right posterior cornu is still 
visible. The anterior roots are healthy. 

Longitudinal sections confirm these appearances. 

Dorsal 10.—In transverse sections the field in the right 
postero-external column containing degenerated fibres has con- 

.siderably altered its position. The outer half is separated by a 
distinct interval from the posterior cornu, and internally the 
strip reaches to a point almost opposite Clarke’s column, and in 
this central part the diseased fibres are more densely packed than 
in the outer portion. 

The degeneration in the isolated bundle in the posterior 
cornu is disappearing, and the entering posterior root fibres look 
healthy. 

Dorsal 9.—The degenerated fibres have shifted their position 
still further inwards towards the middle line, and are now mainly 
situated in the inner half of the postero-external column. The 
strip begins in the neighbourhood of Clarke’s column and ex- 
tends to the periphery, and fibres in the centrally situated part 
of the strip are again more closely aggregated than those in the 
peripheral part. The degeneration in the isolated bundle in the 
posterior cornu has disappeared. The anterior roots are normal. 

Dorsal 8.—The fibres in the outer portion of the degenerated 
strip in the right postero-external column are becoming sparse 
and scattered. 

Dorsal 7.—At this level a small number of fibres at the 
centre of the strip lie in the outer part of the postero-internal 
column. At either extremity the strip curves towards the 
posterior horn. 

Dorsal 6.—The degenerated fibres are pushed still further 
inwards and compared with the sections from Dorsal 11; there is 
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an obvious diminution in their numerical strength. In all about 
150 diseased fibres can be counted against about 210 at the lower 
level. 

Dorsal 5.—With the exception of its most peripheral and 
central parts, the strip is now confined to the postero-internal 
column. 

Dorsal 4.—There is a further diminution in the number of 
the degenerated fibres. Those situated in the inner half of the 
strip are again more densely packed. 

Dorsal 3.—The strip of degeneration shows signs of being 
divided into two portions; scarcely any degenerated fibres are 
visible at its middle, at the periphery a few disseminated fibres 
are still visible in the postero-external column, and centrally 
there is a thin strip of diseased.fibres reaching almost to the 
posterior commissure. 

Dorsal 2.—At the periphery of Burdach’s column there are 
a few scattered degenerated fibres, and in the inner two-fifths of 
Goll’s column others arranged in a row bordering on the posterior 
median septum. 

Dorsal 1.—Similar to dorsal 2. 

Cervical 8.—The number of degenerated fibres has greatly 
diminished. 

: Cervical T.—A minute number of scattered degenerated fibres 
can be made out in the inner one-third of the postero-internal 
column, and also at the periphery of Burdach’s column. Above 
this level the degeneration cannot be definitely traced. 

Lumbar 1.—The entering posterior roots are healthy, and 
the posterior columns contain no degenerated fibres. The only 
degeneration discoverable is in the pyramidal tracts, and this 
has already been referred to. 

Lumbar 2, 3, 4 and 5 show no degeneration referable to the 
herpes. 

Sacral 1, 2and 3 show no degeneration referable to the herpes. 


Case 9.— Richard K., aged 36. Admitted to Claybury Asylum, 
April 19, 1898. Died February 5, 1899. 





Summary. 


A typical case of dementia paralytica, developed an atiack of 
herpes zoster over the area in fig.9. He died of exhaustion 153 
days afterwards. 

Microscopically.—The Tth dorsal posterior root ganglion of 
the right side showed extremely marked sclerotic changes, with 
destruction of ganglion cells and fibres over that part opposite to 
the position of the anterior root. No other. ganglion was affected. 

The corresponding posterior root showed not only some slight 
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change by Marchis method, but also evident diminution of fibres 
by the Marchi-Pal method. 

The spinal cord showed acutely degenerated fibres (Marchi’s 
method), entering at the level of the Tth dorsal root-on the right 
side and passing up in the posterior columns to the level of the And 
dorsal root. 





Fia. 9. 
To show the distribution of the eruption in Case 9, 





On admission he was grossly demented, dull, apathetic and 
slow of speech. His memory was markedly affected; he knew 
his name and age, but nothing else. He had no idea of the date, 
where he was, or how long he had been in the asylum. 

His pupils were regular and reacted to light and accommo- 
dation. His knee-jerks were not obtained. . His gait was slow 
and tremulous. 

On September 6, 1898, he developed a profuse eruption of 
herpes zoster over the area of the 7th dorsal. The whole area 
was beautifully marked out as in fig. 9. 

By October, 1898, he had become destructive, wet and dirty. 
His speech was very slow and slurred. His pupils did not react 
to light. He was much emaciated. 

On February 5, 1899, he died of exhaustion, 153 days after 
the eruption. 


POST-MORTEM EXAMINATION. 


Twenty hours after death. The body had been kept in the 
cold chamber from shortly after death until the examination 
was made. 

The body was much emaciated and three deep scars re- 
mained to show where the eruption had been situated. .The 
two posterior ones were slightly ulcerated, and looked as if 
healing had once occurred and the thin deep scar had slightly 
broken down again. g 
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Brain.— The pia-arachnoid was everywhere adherent. 

The convolutions were wasted and the lateral ventrieles 
dilated and granular. The right hemisphere weighed 603 
grammes, the left 603 grammes. 

The 4th ventricle was granular, cerebellum normal. 

Thorax.—The right pleura was adherent atthe apex. The apex 
of the right lung showed several large, active, tubercular foci, but 
elsewhere the right lung showed broncho-pneumonia with hypo- 
static congestion of the lower lobe. 

The left pleura was adherent at its posterior border. The 
upper lobe of the right lung was infiltrated with ‘uctive tubercle, 
and there was a cavity at the apex of the'size of a walnut. 
The lower lobe was much congested. 

` Heart normal, aorta slightly atheromatous. 
Abdomen.—Livex, spleen and kidneys normal. 


MicroscoPrcaL EXAMINATION. 


The following parts were examined : (a) a series of posterior 
root ganglia ; (b) a series of posterior roots ; (c) the spinal cord. 


(a) Posterior Root Ganglia: 


The ganglia examined were the 6th, 7th, 8th and 9th dorsal 
on both sides. They were hardened in Müller’s fluid. A trans- 
verse cut was then made through each with a sharp razor, and 
each ganglion was placed in Marchi’s fluid. Each ganglion was 
embedded in celloidin and cut longitudinally in series. The sec- 
tions were counterstained by van Gieson’s method, by safranin, or 
by Pal’s method. 

Dorsal T. Bight.—This ganglion shows a remarkable change. 
Even in the specimens stained by Marchi’s method only this change 
is pronounced, but it is best seen when the sections are counter- 
stained with van Gieson’s stain (plate 1, fig. 2B). On that side 
of the ganglion opposite to the anterior root about one-third of the 
ganglion obliquely is converted into dense fibrous tissue, in which 
not a nerve-fibre or nerve-cell can be seen. This focus stains a 
brilliant red in contradistinetion to the somewhat purple inter- 
stitial tissue of the normal ganglia, and this is evident even to 
the naked eye. Thus if sections of the right and left 7th 
dorsal ganglia counterstained by van Gieson’s method are 
mounted side by side, there is no difficulty in picking out the 
right ganglion with the unaided eye in consequence of its brilliant 
red colour. The ganglion of the left side, owing to the presence 
of the bundles of healthy nerve-fibres and healthy cells, and the 
absence of dense connective tissue, appears of a purple red colour. 

The posterior root and peripheral nerve attached in the 
longitudinal sections of the right ganglion are converted into 
fibrous tissue, which also stain brilliant red by van Gieson’s 
method. 


THE PATHOLOGY OF HERPES ZOSTER 455 
Dorsal 7. Left.—This ganglion is absolutely normal (plate 1, 
í hil 6,8and9. Right and Left.—Absolutely normal.. 
(b) Posterior Nerve-roots. 


Dorsal 7. Right.—This root shows no profound degeneration 
by Marchi’s method, but in many places the sheath of the fibres 
is broken up and swollen, and here and there a few blackly-stained 
swollen remains of degenerated fibres can be seen. But when 
stained by the Marchi-Pal method the difference between this 
root and its companion root on the other side is evident, for 
the right root shows a marked decrease of fibres. No large 
deposition of secondary connective tissue is shown by any of the 
various counterstains employed. 

Dorsal 7. Left.—This root is absolutely normal. 

Dorsal 8. Right.—On comparing this root with that of the 
opposite side there are perhaps fewer fibres. No definite change 
by Marchi’s method. 

Dorsal 8. Left—Normal. 

Dorsal 9. Right and Left—Normal. 


(c) Spinal Cord. 


The cord was hardened in Müller’s fluid and stained by the 
Marchi method.- Every segment was then cut and some sec- 
tions from each segment were. stained by Schiifer’s modification 
of the Pal method (plate 11, fig. 3). ` 

Beginning from below upwards, the upper lumbar and lower 
dorsal segments presented the following appearance :—There was 
acute degeneration on both sides (Marchi) and a slight amount 
of sclerosis (Marchi-Pal) in the pyramidal tracts. The posterior 
column and root zones were entirely free from acute degeneration 
and sclerosis. 

However, at the level of the 8th dorsal root a few black dots 
are visible in the right posterior horn, which appear to be definite 
degenerated fibres: 

At the level of entry of the 7th dorsal root a mass of degen- 
erated fibres is seen streaming into the cord with the posterior 
root (plate 14., fig. 1.). One segment higher these fibres are- 
extremely marked, but are now situated entirely in the root zone 
on the inner side of the posterior horn, and the posterior horn 
is free from degenerated fibres. 

At the level of the 5th dorsal root they are still well seen, but 
they tend to be separated from the posterior horn by normal’ 
fibres. At the level of the 4th dorsal root they diminish in 
number and become more scattered. At the’ level of dorsal 3 
they are still more diffuse and situated more at the periphery, and 
at the level of dorsal 1 it is doubtful if any degeneration can be 
seen. 
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Throughout the whole of these sections and upwards into the 
medulla the same degeneration-in the pyramidal tracts present 
below the entry of the affected 7th dorsal root can be seen. 


Case 10. — William J., aged 40, admitted to the County 
Asylum, Rainhill, October 6, 1898. Died July 29, 1899. 





DUMMARY. ° 


Suffered from dementia paralytica in a typical form. On 

October 30, 1898, an herpetic eruption appeared over the 4th cervical 
area of the right side (fig. 10). Death from general paralysis and 
phthisis on July 29, 1899, 272 days after the attack of herpes. 
_ Microscopic examination reveals an extensive area of sclerosis in 
the 4th cervical posterior root ganglion of the right side, evidently 
the remains of a previous destructive process. In the corresponding 
posterior root and also in the peripheral nerve there was likewise 
evidence of sclerosis but no acute degeneration. 

The spinal cord showed no acute degeneration. 

The spinal cord also shows some tabetic sclerosis, but this does 
not invalidate the case, as it is die to an affection of lumbo-sacral 
roots. 





Fia. 10. 
To show the distribution of the eruption in Case 10. 





History.—Four months before admission he became strange 
in his manner. He became restless, and would pick up valueless 
articles, bringing them home and stating they were of much 
importance. He became extremely erotic, but his wife denied 
that he had been infected with syphilis. She has never been 
pregnant. Just before admission to the asylum he had a seizure 
and the mental symptoms grew worse. 

On admission.—He was of slim build and poor bodily condi- 
tion. His speech was thick with an occasional catch, and face 
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and tongue were tremulous. Pupils small, reacted badly to 
light. No paralysis. 

Mentally he was restless, talkative and excited. He failed 
to recognise that he was in an asylum and was under the 
impression that he came there to buy geese that were for sale. 
He was obviously suffering from dementia paralytica. 

Progress.—October 29. He had a typical general paralytic 
seizure. 

October 30. He developed an herpetic eruption over the 
skin area shown in fig. 10. The vesicles were mainly of small 
size and were* densely distributed over the affected region. 
Anteriorly the eruption was seen to extend onto the lower part 
of the area usually occupiea by the 3rd cervical, but here the 
vesicles were sparsely scattered. Excepting at its extreme anterior 
border the eruption was confined to the 4th cervical area as 
given by one of us, its posterior or lower border corresponding 
peculiarly accurately. There was pronounced erythema along 
with the vesiculation. The temperature was 101° F. (38-3° ©). 

November 3. The erythema had almost disappeared ; many 
of the vesicles contained pus and scabbing had begun. 

December 16. Pustulation had ceased. There was not much 
scabbing. 

April, 1899. He had become extremely demented and physi- 
cally weak. Seizures occurred occasionally. 

July 29, 1899. He died from general exhaustion 272 days 
after the attack of herpes. 


POST-MORTEM EXAMINATION. 


The post-mortem examination was made fifteen hours after 
death. 

External examination.—Height 71 inches, circumference at 
shoulders 35 inches, circumference of head 21% inches. Muscular 
and osseous development below the average. No local muscular 
atrophy, but poorly nourished generally. 

On the sternum immediately internal to the junction of the 
2nd costal cartilage was a pale brown patch of post-herpetic 
scarring, about 1:5 cm. in diameter. Over the shoulder just 
in front of the acromion process of the clavicle were three other 
small patches; a further patch was seen in front of the shoulder 
joint and another above and external to the joint; lastly, there 
were two more small patches situated immediately above and 
below the outer one-third of the spine of the scapula respectively. 

The hair was thin but present all over the scalp. 

Cranium and Brain,-—The calvaria was slightly thickened, and 
was denser than usual. The lines of the meningeal arteries were 
rather deep. Greatest transverse diameter of cranium 14:4 cm., 
greatest antero-posterior diameter of cranium 18-3 cm., cephalic 
index 78°6 cm. j 

The dura mater was relaxed frontally and a very thin, brown, 
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non-laminated hemorrhagic membrane lined the concavity on 
both sides and extended along the falx and into the frontal, 
temporal and occipital fosse. The dura was nowhere abnormally 
thickened, nor unduly adherent to pia-arachnoid or bone. 

The subdural fluid was markedly excessive in quantity and 
tinged brown in colour. For a general paralytic the large 
vessels at the base looked remarkably healthy. 

There was a moderate degree of opacity of the arachnoid over 
the convexity of the hemispheres, especially over the frontal lobes. 

The pia-arachnoid was moderately thickened, somewhat hyper- 
mic, and on stripping decortication occurred in*patches over the 
frontal and motor regions. 

The cerebral hemispheres were of average size, their form was 
good and there was no asymmetry. The convolutions were simply 
disposed and a moderate degree of wasting was noticeable, chiefly 
in the frontal region. The sulci generally were shallow. 

On the under surface of the right temporal lobe close up to 
the anterior extremity were three minute patches of surface 
softening ; these had brown edges and involved the cortex only. 
Symmetrically placed on the anterior faces of both first frontal 
convolutions were two similar, but rather more extensive, patches 
of softening ; these also did not extend below the cortex, and in 
the subarachnoid space above them brown fluid was collected. 

The cerebral cortex was darker than normal, somewhat hyper- 
æmic, distinctly thin, and its striation was indefinite. 

The white substance had a normal appearance, but was unduly 
firm. Enlargement of the lateral ventricles was noticeable, but 
their ependyma was smooth. 

The basal nuclei and other structures presented no naked-eye 
change. The cerebellar cortex was rather dark and thin, but 
otherwise there was no noteworthy alteration in this organ, nor 
in the pons, medulla and remaining intracranial structures. 

The encephalon weighed 1,324 grammes, the right cerebral 
hemisphere unstripped 525 grammes, the left hemisphere 530 
grammes, and the cerebellum along with the pons and medulla 
162 grammes. 

Spinal Cord.—The spinal cord seemed to be somewhat small, 
and there was an obvious excess of cerebro-spinal fluid, but 
otherwise there was no naked-eye alteration to note, nor could 
anything pathological be detected at this stage in the posterior 
root ganglia and spinal nerves extracted. 


Thoraz.—Chest narrow. Ribs easily broken. There were old ` 


firmly-united fractures of the following ribs on the left side :— 
the 6th at the costo-chondral articulation, the 7th 1 inch, the 9th 
14 inches, and the 10th and 11th 2 inches external to the costo- 
chondral joint respectively. On the right side the 11th rib was 
broken at about its middle. Round all these fractures a con- 
siderable amount of callus had been thrown out, and they were 
supposed to have been fractured prior to admission to Rainhill. 
The right pleura was free from adhesions, but on the left side 


* 


THE PATHOLOGY OF HERPES ZOSTER ` 459 


there were adhesions round the apex and along the front of the 
lung. At the apex of the right lung were a few small patches of 
easeous consolidation. The organ weighed 15 ozs. (424 grammes). 
The left lung weighed 42 ozs. (1,188 grammes), it was of increased 
size and severely diseased. The pleura was thickened and fibrous 
all over. Along the free margin at the base were several large 
emphysematous bulle. On section many large tubercular cavities 
` were found in the upper lobe, and all over the lung were scattered 
patches of advanced caseous consolidation. 

The mucous membrane o? the larger bronchi was red and 
thick, and the brenchial glands were enlarged, while some present 
caseous foci. . 

The pericardium was normal. 

The heart weighed 6} ozs. (184 grammes), it was small but 
of normal shape, its muscle was very firm and of dark colour. 
Decolourised clot was present in the right auricle, and black clot 
in the left auricle. There was no valvular disease, but some com- 
mencing atheroma, indicated by change of colour and puckering, 


. was noticeable in the thoracic aorta. 


Abdomen.—The peritoneum was normal. 

The liver weighed 43 ozs., its capsule was thick and white in 
patches on the convexity, its substance dark and firm. 

Gall bladder normal. 

Spleen weighed 3 ozs. (85 grammes) and was healthy. 

Each kidney weighed 4 ozs. (113 grammes). The capsule 
peeled cleanly, but the substance was very dark and firm. 

The adrenals, pancreas and stomach were healthy. 

Along a short length of the small intestine just above ‘the 
cecal valve and on and immediately below the valve were about 
eight small tubercular ulcers, some of which were in quite an early 
stage of development. 

. ‘The lymphatic glands of the mesentery were slightly enlarged. 
The bladder was partially distended with dark urine. 

On the dorsum penis immediately behind the corona was a 

suspicious but indefinite scar (possibly syphilitic). 
` The left testicle showed s few abnormal streaks on section, 
which suggested previous orckitis. 

The prostate gland and seminal vesicles were normal, 


Microscopic EXAMINATION. 


A microscopic examination was made of (a) a series of pos- 
terior root ganglia, (b) a series of spinal nerve-roots, (c) the spinal 
cord. 


(a) Posterior Root Ganglia. 


Of the posterior root ganglia the following were submitted 
to examination :—the 2nd, 8rd, 4th, 5th, 6th and 7th cervical of 
both sides. 


e 


’ 
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Method of examination.—To prevent error and confusion the 
individual ganglia, along with that portion of the roots lying 
central to the body of the ganglion but outside the dura, together 
with about 5 mm. of the peripheral conjoint nerve-trunk, were 
taken separately and hardened in different bottles ; first in formol 
5 per cent. for a week or more, then in alcohol, &e., preparatory 


. to celloidin imbedding. Corresponding pairs from the two sides 


were then fixed in celloidin side by side on the one block, that 
from the right side always being distinguished by having a piece 
of heart-muscle or other distinctive tissue placed alongside it. 
Serial transverse sections were next cut from? one end to the 
other. To stain these the hematoxylin method of van Gieson 
was employed, and in mounting the finished preparations care 
was taken to preserve them in strict serial order. 

Cervical 4. Right.—As this is the only ganglion to show 
important changes we shall describe it first. There are 175 
sections (plate 6, fig. 1»). 

Beginning at the central end where the roots pierce the dura, 
it soon becomes evident that the ventralmost bundle of the 
posterior root is diseased. It is composed of fibrocellular material 
instead of nerve-fibres, and the sheath immediately external to 
it also contains a deposit of small round cells. This diseased 
bundle can be traced right through all the sections of the roots 
up to the ganglion, where it runs into a diseased focus which 
will be presently described. The remaining bundles of the right 
posterior root, along with the anterior roots of both sides and the 
posterior root of the left side, are free from noteworthy alteration. 

Just before the ganglion begins marked thickening of the 
sheath of the right posterior root on its ventral side becomes 
apparent, and is continued through a dozen or more sections. 

In section 93 (soon after the beginning of the ganglionic 
tissue) an obvious focal lesion comes into view. It gradually 
increases in size and then fades away, and is evident in about 
forty sections altogether. Where it is well-developed it appears 
in transverse sections as a large patch on the ventral side of the 
ganglion, which extends from the surface inwards and involves 
about one-third of the body. The internal line of demarcation 
is fairly sharp. The whole of this area is composed principally 
of wavy fibrous tissue with elongated nuclei, just a few nerve- 
fibres can be discerned in it, and with the exception of two or 
three ganglion cells it is completely denuded of these bodies. 
The sheath overlying this region is not markedly thickened, and 
the rest of the ganglion has a normal appearance. 

The above-mentioned focus of disease extends almost to the 
distal end of the ganglion, but when the anterior root begins to 
fuse with the posterior to form the conjoint peripheral nerve 
trunk, the area of sclerosis soon diminishes in extent. The 
sclerosis, however, does not cease here, for it is quite clear 
that the change is continued into the nerve-trunk and that a 
considerable number of nerve-fibres have been replaced by fibro- 
cellular tissue. 
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It is obvious from the general appearances that this ganglionic 
lesion is of considerable standing, and has long passed the acute 
stage. 

One or two small arteries are to be observed in the sheath of 
the ganglion which have an appearance suggestive of syphilitic 
endarteritis, but there is no definite histological evidence which 
will explain the origin of the lesion. 

Cervical 4. Left.—This ganglion shows no noteworthy change. 

Cervical 2. Right and Left.—There are one or two syphilitic- 
looking arteries in the conjoint trunks, but apart from this the 
ganglia of both sides and their annexa present no change worthy 
of notice. 

Cervical 3, 5 and 6. Richt and Left.—These ganglia are 
practically normal. 

Cervical 7. Right and Lefi.—Almost one-third of the anterior 
root of the right side appears to be sclerosed. The change is 
represented by a collection of small round cells and fibrous tissue, 
and it runs through all the sections. 

In the tissues Investing the posterior roots of both sides there 
is an apparent excess of small round cells. This is in all lke- 
lihood an early tabetic change. . 


The Posterior Spinal Nerve-roots. 


After preliminary fixation in Müller’s fluid the spinal cord 
in the cervical region was divided up into its eight segments, 
and to each segment the intradural portion of the roots was 
left attached. Then after these blocks, with the roots, had been 
stained by the method of Marchi, certain of the posterior roots, 
viz., the 8rd, 4th and th cervical of both sides, were cut off 
close up to the cord, care being taken to preserve the bundles in 
normal relative position. The bundles were then divided into 
two portions, the peripheral portions were teased, and the central 
portions embedded in celloidir and cut serially in the longitudinal 
direction. 

Cervical 4.—The posterior root of the right side is practically 
composed of four main bundies, of which the upper three show 
no change of importance. A single acutely degenerated fibre is 
visible here and there, but there is no collection of degenerated 
fibres, and no evidence of sclerosis. 

In the fourth and lowermost bundle there is, however, a 
morbid alteration, namely, a pronounced disappearance of nerve- 
fibres and a substitution for them of fibrous tissue. Roughly 
speaking about half the fibres of this bundle are absent, and the 
change is as noticeable in the teased preparations as in the 
serial longitudinal sections. This probably represents the re- 
mains of past degeneration. 

The 4th cervical posterior root of the left side is also com- 
posed of four main bundles, but in none of them is there any 
noteworthy acute degeneration or sclerosis. 
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Cervical 3 and 5.—The posterior roots of these segments were 
put to the same searching examination as those of cervical 4, but 
no change calling for special notice was discovered. 


Spinal Cord. 


Method of Marchi. Transverse sections. 

Cervical 2.—In the centre of the posterior columns there is 
a wedge-shaped strip of partial tabetic sclerosis. Through the 
centre of this runs the postero-median fissure, and it practically 
embraces the whole of the columns of Goll. Its position clearly 
shows that it originates from disease of roots placed below the 
cervical region. 

In both postero-external columns there are a few scattered 
degenerated fibres, but there is no degeneration which can be 
referred to the herpes. The entering posterior root-fibres are 
free from acute disease. 

Numerous acutely degenerated fibres are seen in the direct 
and lateral pyramidal tracts of both sides, but such degeneration 
is almost invariably seen in cases of dementia paralytica, and can 
be attributed to that disease. 

Cervical 8.—Shows exactly the same changes as cervical 2. 

Cervical 4, 5 and 6.—All show similar changes, and nowhere 
can any change be found corresponding in any way to the herpetic 
lesion. 


Case 11.—Rachel R., aged 64, admitted to Claybury Asylum, 
January, 1897. Died October 6, 1898. 





SUMMARY. 


On June 12, 1897, a typical case of so-called senile melancholia 
developed an attack of herpes zoster over the 4th dorsal area of: the 
right side (fig. 11). The eruption was extremely profuse, and the 
whole area was excellently marked out. 

She died on October 6, 1898, 481 days after the attack of zoster. 

Post mortem.—The amilla showed slight but definite scarring. 
There were no signs of any disease of the nervous system except 
such as were due to the zoster. 

On microscopical examination the 4th dorsal posterior root 
ganglion of the right side showed thickening of the capsule and 
replucement of a considerable area of ganglionic substance by fibrous 
tissue. This change occupied that portion of the ganglion opposed 
to the anterior root. 

The 3rd and 4th dorsal segments of the spinal cord were examined 
by Nissl’s method, and showed no change. The remainder of the 
cord was normal. ; . 
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Fre. 11. 
To show the distribution of the eruption in Case 11. - 


On admission she was depressed and inclined to be violent. 
Memory good. The pupils reacted normally, and knee-jerks 
were normal. She had no signs of any general nervous disease. 

June 12,1897. She developed an attack of herpes zoster over 
the 4th dorsal area of the right side (fig. 11), during which she 
was seen by one of us. Her temperature was 100°. Arteries 
much thickened. Some emphysema. She was a typical case of 
so-called senile melancholia. 

She died on October 6, 1898, of acute colitis, 481 days after 
the attack of zoster. : 


_ Post-Mortem ExAMINATIoN, 


Nineteen hours after death. Post-mortem’ rigidity was 
passing off. ‘ i 

There were no external scars except a few white marks in 
, the right axilla, which may have'been produced by the attack of 
herpes zoster. 

"There was general cedema and marked congestion of the right 
lung. The whole upper lobe and upper part of the lower lobe of 
the left lung were solid with patchy pneumonia. There was 
much surrounding congestion and cedema. 

Heart showed no valvular disease. The muscular substance 
was fair considering the patient’s age. Kidneys and spleen 
normal. Liver was congested, and showed some fatty change. 


Examination of the Nervous System. 


The membranes were slightly thickened and opaque over the 
upper part of the ascending frontal, parietal and paracental con- 
volutions. There was also some thickening over the cerebellum 
in the middle line both above and below. Excess of fluid in the 
meshes of the pia-arachnoid, but the brain could’be stripped with- 
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out difficulty, or the occurrence of decortication. The substance 
of the brain was normal. ` ; 

The arteries at the base of the brain showed marked athero- 
matous changes. f - 

The spinal cord and ganglia showed no naked-eye abnormality. 


Microscorican EXAMINATION. 


The following parts were examined microscopically :—(a) a 
series of posterior root ganglia ; (b) a series of peripheral nerves 
. close to their entry into the ganglion; (c) the spfhal cord. 


(a) Posterior Root Ganglia. 


The Ist, 2nd, 3rd, 4th, 5th and 6th dorsal ganglia of both sides 
were hardened in Miiller’s fluid, embedded in celloidin, and cut 
longitudinally. The sections were cut in series, and the sections 
as cut were laid on a glass plate covered with a thin film of 
collodion. Then a thin film of collodion was poured over the 
whole, and the double collodion film, between the two layers of 
which lay the sections in strict series, was detached from the 

' glass plate by laying the whole in alcohol. By this method a 
series of films was obtained which could be treated by various 
staining methods, and yet the sections remained in strict series. 
The staining methods used were the Weigert, Weigert-Pal, 
hematoxylin, hematoxylin and eosin, and van Gieson’s 
method. 

Dorsal 4. Right.—The first sixteen longitudinal sections pass 
mainly through the capsule and pericapsular tissue. In this 
tissue a vessel is seen which has undergone marked atheromatous ` 
changes. Internal to the muscular coat the wall of the vessel 
is much thickened, the lumen is irregular and almost blocked. 
The internal and middle coats are so fused that it is impossible 
to say how much of this thickening is due to the middle, and 
how much to the internal layer. i 

From the seventeenth to the thirty-first section, all of which 
pass through the substance of the ganglion, the following definite 
changes are seen.” The ganglionic substance is perfect except on 
that side opposite to the anterior root. Here the substance of the 
ganglion is adherent to the capsule by firm fibrous tissue. The 
capsule itself is altered in structure by the substitution of firm 
connective tissue for the loose wavy layers of which it is usually 
composed. This condition of scar-formation gradually increases 
until at last nearly one-third of the substance of the ganglion 
contains neither cells nor fibres, but is occupied by dense fibrous 
tissue. The condition closely resembles that found in Case 9, 
and figured on plate 2, fig. 3. 

From the thirty-first to the sixty-sixth section no very definite 
change can be seen, but with the sixty-sixth section we again find 
that the sheath is thickened. But here it dips down into the 
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ganglionic substance as a deep. pucker, and around this pucker 
cells and fibres are almost completely absent. This condition 
extends over about twelve sections and then disappears. 

+ Both these scars lie on that side of the posterior root ganglion 
opposite to the anterior root, but the first mentioned lies nearer 
the exit of the posterior roots, the latter nearer the entry of the 
peripheral nerve. They are probably the remains of a consider- 
able acute lesion probably closely resembling in the acute condi- 
tion that figured on plate 2, fig. 1. 

Dorsal 4. Left.—This ganglion is perfectly normal. 

Dorsal 1, 2, $, 5 and 6. Right and left.—Show no change. 

Posterior roots.—Owing to the mistaken method adopted with 
the spinal cord, no posterior roots could be examined in that 
region, where they might have been expected to have undergone 
change. 


(b) Peripheral Nerves. 


All the peripheral nerves were normal excepting the nerve 
that enters the 4th dorsal ganglion of the right side. This nerve 
seems to have lost fibres, but as these nerves were not cut trans- 
versely, the number of fibres lost cannot be counted. 


(c) Spinal Cord. 


At the time this case died we were anxious to see if the cells 
of the spinal cord underwent any change in consequence of the 
herpetic lesion. The 3rd and 4th dorsal segments were therefore 
removed at the post mortem and placed in 96 per cent. alcohol. 
. They were stained by Nissl’s method and various modifications 
of this method, but showed no abnormality. 

The remainder of the cord was hardened in Miiller’s fluid, and 
showed neither acute degenerative nor sclerotic changes. 


i 
Case 12.—Alice Mary S., aged 20. Admitted to Rainhill 
Asylum, September 2, 1891. Died July 15, 1898. 





SUMMARY. 


A female, aged 20, suffering from congenital idiocy, developed a 
severe and extensive herpetic eruption over the 12th dorsal area of 
the left side, on February 15, 1897 (fig. 12). 

Death from phthisis on July 15, 1898, one year and 150 days 
after the appearance of the eruption. 

On microscopic examination the following changes were found:— 

(a) Posterior root ganglia.—The 12th dorsal ganglion of the 
left side showed a focal lesion. A localised portion of the sheath 
was. markedly thickened and the nerve-cells and nerve-fibres sub- 
jacent to this focus were destroyed. 
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(b) Posterior spinal nerve-roots.—One small bundle of the 12th. 
dorsal posterior root was partially sclerosed ; this bundle could be 
traced onto the ganglionic lesion gust mentioned. == 

(c) Peripheral nerves——No obvious pathological change. 

(d) Spinal cord.—No obvious pathological change. 
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: Fie. 12. 
To show the distribution of the eruption in Case 12. 





History of case unobtainable. 

State on admission.—Physically ill-nourished and feeble, and” 
- possessed of a delicate frame and poor muscles. Skin healthy. 
Opacities on both cornes, but the pupils were equal and their ' 
margins regular and they reacted to light and accommodation.. 
Tendon reflexes normal. No paralysis. No heart murmurs. 
Pulse 120. Chest narrow and deep, no flattening, but ‘distinct. 
dull percussion note at right apex. -Teeth good. Alimentary and 
other systems apparently healthy. 

Mentally a complete idiot, unable to express herself in any 
way. Quite regardless of her surroundings. Wet and dirty and 
requiring constant attention. Saliva poured continuously from 
her mouth. 

Progress of case.—February 15, 1897. Developed an exten- 
sive crop of herpetic vesicles with considerable erythema over the . 
region of the left loin and upper part of the buttock, as indicated 
in the accompanying fig. 12. The vesicles were largest and most. 
» numerous over the anterior part of the iliac crest. A few small 
scattered vesicles were seen on the abdomen in the iliac region, 
and posteriorly immediately to the left of the 4th and 5th lumbar 
and 1st sacral vertebre some large concrete ones were noticed. 

February 22, 1897. Most of the vesicles were purulent, some 
were scabbing, and the erythema had vanished. 

July 26, 1897. The eruption had disappeared and left prac- 
` tically no scarring. i i 
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July 1, 1898. Signs of phthisis more pronounced. 

July 10, 1898. Rapidly losing weight, Marked dulness over 
both upper lobes of lungs. Temperature hectic. 

Died July 15, 1898, one yaar and 150 days after the date of 
appearance of the herpetic eruption. 


POST-MORTEM EXAMINATION. 


The spinal cord and certain posterior spinal root ganglia and 
peripheral nerves were extracted twelve hours after death; the 
full autopsy was performed thirteen and a half hours later. 
Weather warm and dry. 

External appearances.—Body greatly emaciated. ' Legs and 
arms slightly drawn up. A circular bedsore over the sacrum, one 
and a half inches in diameter, denuding the bone. Slight scarring, 
only visible over the left iliac crest, the sole remains of the herpetic 
eruption. 

Head.—Scalp healthy, calvaria of small size, bone of normal 
thickness and density. Dura mater well stretched, not abnormally 
adherent to bone or arachnoid, not unduly thickened. A small 
amount of black blood clot in dural sinuses.~ Subdural cerebro- 
spinal fluid present in excess; no blood or membrane. 

Brain small, encephalon weighing only 1,154 grammes, but 
cerebral hemispheres equal and segments proportionately and 
symmetrically represented. Weight of right cerebral hemisphere, 
unstripped, 462 grammes; left, 460 grammes. Pia generally 
anzemic, but of normal density and not adherent. Convolutions of 
brain arranged on a simple type, the individual gyri small and ' 
the sulci rather wide. Cortex pale, firm, anemic, and reduced in 
depth. White substance pale and firm ; lateral ventricles some- 
what dilated and containing an excess of fluid. Basal nuclei 
normal. Weight of cerebelum 127 grammes, the two hemi- 
spheres of equal size, cortex pale and thin, and the white sub- 
stance pale and firm. Weight of pons and medulla together, 
34 grammes; no macroscopic change to note in them, nor in the 
cranial nerves, nor base of skull. 

Spine.—The spinal cord and the posterior root ganglia ex- 
tracted also showed no naked-eye change. ae 

The vertebrae were healthy. 

Thoraz.—Some pleural adhesions existed at either apex. 
Throughout the upper lobes and in the upper parts of the 
lower lobes of either lung, were scattered patches of consolida- 
tion. These patches were to a large extent caseated, and in 
some small abscess cavities had formed. The right lung weighed 
10 ozs. (283 grammes), the left 8 ozs. (226 grammes). 

Pericardium healthy. Heart very small, weighing only 3 ozs. 
(85 grammes), but otherwise normal; auricles contained a small 
amount of pale blood clot; muscle pale but firm. No organic 
valvular disease. i 
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Abdomen.—No abnormal adhesions or fluid in peritoneum. 
Omentum very thin. 

The liver weighed. 24 ozs. (671 grammes), and though small it 
looked healthy. Gall bladder normal. 

Spleen weighed 2 ozs. (56 grammes), also small, but of good 
colour and consistence. 

Each kidney weighed 2 ozs. (56 grammes); they were small, 
but the capsule peeled clearly, and the substance was of good 
colour. Suprarenal capsules healthy. 

Pancreas and stomach normal. i 

In the small intestine a few tubercular ulctrs of small size 
were seen at the lower end of the ileum ; the large intestine was 
healthy. l 

Bladder distended with thick foetid urine, mucous membrane 
swollen and almost black in colour. 

Uterus and ovaries healthy. 


MICROSCOPICAL EXAMINATION. 


A microscopical examination was made of (a) a series of pos- 
terior root ganglia; (b) a series of posterior spinal nerve-ropts ; 
(c) a series of peripheral nerves; (d) the spinal cord. 


(a) Posterior, Root Ganglia. 


The posterior root ganglia examined, were the 9th, 10th, 11th 
and 12th dorsal and the 1st lumbar of both sides, and the method 
employed was as follows:—After hardening in Müller’s fluid and 
alcohol in the usual manner, corresponding pairs of ganglia from 
the right and left sides were taken and embedded in celloidin 
side by side in one block, special means being employed for 
distinguishing the right ganglion from the left. Serial transverse 
sections of the two ganglia were then cut. These were 
arranged in strict order between two thin layers of celloidin, and 
stained by the copper-hematoxylin method of Weigert. In this 
manner an examination of and a comparison between corres- 
ponding pairs of ganglia was conveniently and effectively carried 
out. 

Dorsal 12. Left (commencing from that end of the ganglion 
which lies nearest to the spinal cord).—The first thirty-six 
sections exhibit no obvious departure from normal. Then 
follows a point where the ganglionic sheath begins to be markedly 
thickened, the first indication of a lesion which is continued 
through all the remaining sections right up to the commence- 
ment of the peripheral nerve. 

The diseased area as seen on transverse section is situated 
along the margin of the ganglion on that side of if which is 
farthest removed from the motor root, to which it lies almost 
diametrically opposite. The change may be described as 
follows :—Firstly, the sheath investing from one-fifth to one- 
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sixth of the eircumference in this situation is, roughly speaking, 
three times thicker than it should be, and it possesses a curious 
homogeneous non-lamellated aspect in marked contrast with the 
normal wavy appearance of the remainder of the sheath, and 
even under a high power of the microscope its structure is in- 
definite. Secondly, the ganglionic nerve-cells and nerve-fibres 
lying immediately below this portion of thickened sheath to’ a 
depth of about "500 mm. have totally disappeared and been 
replaced by adventitious fibro-cellular tissue. The dividing line 
between this destroyed area and the normal remainder of the 
ganglionic substance is a sharply-defined one. As the peripheral 
nerve is approached the destruction of ganglionic nerve-cells and 
fibres becomes less marked, put the sheath thickening remains, 
and lying outside it is a collection of material having the appear- 
ance of organised blood clot in which numerous small round cells 
and adventitious blood-vessels are visible. 

Dorsal 12. Right.—There is no change at all corresponding 
to that described above. 

Dorsal 11. Left and right.—There is no difference between 
the two ganglia, and absolutely no focal lesion exists. 

Dorsal 10 and 9, and lumbar 1. Left and Right.—Normal. 


(b) Spinal Nerve-roois, Anterior and Posterior. 


Stained by the method of Weigert. 

Dorsal 1%. Left—In the sensory root there is one small 
isolated bundle which is partially sclerosed, and does not con- 
tain its normal complement o: fibres. This sclerosed bundle can 
be traced along to the diseased focus already described as existing 
in the 12th dorsal ganglion of the left side. The remainder of 
the sensory root and the whole motor root seem to be healthy. 

Dorsal 12. Right.—Normal. 

Dorsal 11, 10 and 9, and lumbar 1. Right and left.— Normal. 


(c) Conjoint Nerve-trunks Peripheral to Ganglia. 


The 10th, 11th and 12th dorsal and ist lumbar peripheral 
nerves of both sides were examined most carefully at distances 
varying from 1 to 20 em. from the ganglia by the method of 
Marchi and by the method of Weigert, The former method 
displayed no acute degeneration whatever, and the Weigert 
sections revealed nothing in the left 12th dorsal or any other 
nerve which could be confidently declared pathological. 


(d) Spinal Cord. 


As a portion of the spinal cord taken from the 10th dorsal 
level, and stained by the method of Marchi showed no morbid 
change it was considered unnecessary to pursue the examination 
further. 
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Case 13.—James E., aged 28, admitted to Rainhill Asylum, 
January 22, 1890. Died March 17, 1900. 


a 


SUMMARY. 


A chronic demented patient was attacked by herpes zoster on 
January 9, 1898. The eruption was distributed in the form of a 
transversely directed band round the right side of the chest. It 
began behind opposite the Tih and 8th dorsal spines, and in front 
lay immediately below the nipple (fig. 18). N 

Death occurred from tubercular phthisis on March 17, 1900, 
790 days after the eruption. 

Microscopic examination revealed a distinct lesion in the 6th 
dorsal posterior root ganglion of the right side. This lesion had 
undergone transformation into fibrous tissue in which no nerve- 
fibres or ganglion cells cold be seen. 

In the corresponding posterior spinal nerve-root, and also in the 
peripheral nerve, several fasciculi of nerve-fibres were sclerosed. 

In the spinal cord no acute degenerative or sclerotic changes 
could be found that could be in any way referred'to the ganglionic 
lesion. 





Fie, 13. 
To show the distribution of the eruption in Case 13. 





Clinical Notes.—Male, aged 28, admitted to Rainhill Asylum 
on January 22, 1890, on a transfer order from Lancaster Asylum. 

No history of the case was obtained. 

On admission it was noted that he was of average build, 
normally nourished and free from physical infirmity. 

His mental condition was one of dementia. He was incapable 
of rendering a coherent account of himself, displayed a marked 
loss of memory for both recent and remote events, took little 
interest in his surroundings, was inattentive and unobservant, 
untidy in his person, and occasionally dirty in bis habits. 


THE PATHOLOGY OF HERPES ZOSTER 471 


He remained in this condition throughout his period of 
confinement, exhibiting no ckange worthy of record. 

On January 9, 1898, he developed a crop of herpetic vesicles, 
accompanied by much erythema, in the position indicated in fig. 18, 
made from excellent water-colour drawings, by Mr. Marriott. 
Viewed from behind the eruption began opposite about the 7th 
and 8th dorsal spinous processes, and thence extended forwards 
and slightly downwards in the form of a band fully three inches 
in width, on a level appreciably below the lower end of the 
scapula, Gaining the front of the chest this band split up into 
blotches and styeamers ; one blotch covered the nipple, but the 
remainder of the eruption lay below this level. The vesication 
was soon followed by pustulation, which lasted for a considerable 
‘period and left permanent cicatrisation. 

On March 10, 1900, it was noticed that he had lost weight 
during the previous month, but no other alteration in his con- 
dition had occurred to attract attention; however, on examination 
it was discovered that not only was he pyrexic, but also both his 
lungs were extensively diseased, sharp rales being audible all 
over them, and cavitation in evidence at the left apex. Diarrhea 
was next noticed, and on March 17, 1900, he died, ten years 
after admission, and 790 days subsequent to the outbreak of the 
herpetic eruption. 


POST-MORTEM EXAMINATION. 


The spinal cord and a series of ganglia were extracted twenty- 
three hours after death, but the full examination was not made 
until twenty-one hours later, owing to administrative reasons. 
The weather was cold. 

The cadaver was thin but not emaciated, and was below the 
average in general muscular and osseous development. 

No herpetic scarring could be seen on the front or side of the 
chest, but on the dorsum an inch or more below the angle of 
the right scapula, and on a level with the spines of the 8th, 
9th and 10th dorsal vertebra, there were several obvious white 
cicatrices. Otherwise the skin was normal. 

Head.—The scalp was healthy and covered by a normal growth 
of hair. The calvaria was of normal shape, the frontal and occi- 
pital bones had an average thickness of 5 and 4 mm. respectively. 
The lines of the meningeal arteries were plainly marked. 

The dura was not unusually adherent to the bone, and was 
well-stretched. The cerebro-spinal fluid was of normal character, 
but somewhat excessive in quantity. The dural sinuses were 
partly filled with black clot. The cerebral veins were engorged 
with black blood, but the walls of all the larger vessels looked 
healthy. 

The arachnoid was not unduly opaque, and there were no 
collections of subarachnoid fluid; but the pia-arachnoid mem- 
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brane, mainly as a result of cedema, was distinctly thickened 
and soft, and it stripped with great readiness. The pial network 
of arterioles was injected. The encephalon weighed 1,390 grammes, 
the right cerebral hemisphere (unstripped) 605 grammes, and the 
left hemisphere was the same weight as the right. Speaking 
generally, the brain was of average size, of good shape, and the 
segments in both hemispheres were proportionately represented. 
There were indications of slight general atrophy, but no local 
softening or sclerosis, and the convolutions were somewhat com- 
plexly disposed. The cortex in all regions was slightly darker 
than normal, somewhat hyperemic, and someyhat reduced in 
depth, but striation was distinct. With the exception that the 
puncta cruenta were unduly noticeable, the white matter had a 
healthy appearance, and was of normal consistence. The 
ventricles were slightly dilated, but the contained fluid was 
normal in character, and the ependyfna smooth. 

The basal nuclei, commissures, &c., showed no naked-eye 
change. The cerebellum, pons and medulla altogether weighed 
182 grammes. In none of these structures, nor in the cranial 
nerves, was there any alteration worthy of note. 

Spine.— During extraction of the spinal cord it was noticed that 
the vertebr were abnormally soft, but the cord itself, along with 
its roots and its membranes, showed no pathological change to 
the naked eye. 

The 8rd, 4th, 5th, 6th, 7th and 8th dorsal posterior root 
ganglia and several inches of each corresponding peripheral 
nerve were carefully dissected out, and it was noticed during 
this process that the nerves on the right side were more adberent 
to the adjacent pleura than those of the left. (It will be pre- 
u noted that the right pleura was extremely adherent all 
round. 

Thraz._ The intercostal glands on the right side were 
markedly enlarged. These glands lie quite close, slightly an- 
terior and external, to the posterior root ganglia, and in the 
normal subject escape notice unless specially searched for. Fur- 
thermore, all the fat and connective tissue which invested the 
ganglia and nerves was darker and more vascular on the right 
side than on the left, but no special change in any particular 
ganglion or nerve was discernible. 

The right lung weighed 36 ozs. (1,018 grammes), the left 
52 ozs. (1,472 grammes). Both were of large size. The right 
was so tightly adherent all round that it could not be separated 
with the fingers. The left, however, was separated without great 
difficulty, but was also adherent all round. 

The left pleura was distinctly thickened, the right markedly so, 

On section both lungs were practically solid throughout, with 
the exception of a small portion at each base; but the right lung 
was more affected than the left. At the apices were several 
cavities of rather large size, 3 to 4 cm. in diameter; elsewhere 
were numerous smaller cavities, all with smooth walls and con- 
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taining yellow pus. Owing to the numerous white caseous foci, 
sections of the lung had the appearance of gray marble. Many 
bronchi contained pus, and had a thick red mucous membrane. 
All the peribronchial glands were enlarged, but they were free 
from caseation. 

There was a moderate excess of pericardial fluid, but no signs 
of inflammation. The heart weighed 8% ozs. (240 grammes); it 
was of normal shape and its muscle was healthy. Both auricles 
and the right ventricle were full of blood clot. The valves and 
aorta were normal. 

Abdomen.—Peritoneum normal. 

Liver weighed 49 ozs. (1,306 grammes). It was slightly paler 
and softer than natural. 

Spleen weighed 5 ozs. (141 grammes), and was rather firmly 
adherent to the diaphragm. Its substance was abnormally pale. 

Kidneys weighed 5 ozs. (141 grammes) and 44 ozs. (127 
grammes) respectively. The capsule peeled cleanly, but the sub- 
stance was somewhat pale and soft. 

Suprarenal capsules, stomach and pancreas were normal. 

The jejunum was healthy, but scattered along the ileum was 
a number of recently-formed, rather small, tubercular ulcers. 
Tn the lower two or three feet of the ileum the mucous membrane 
was in addition reddened, and thickened universally, and the sub- 
peritoneal vessels were injected.. There was no tubercular ulcera- 
tion in the large intestine, but in the ascending colon, sigmoid 
flexure and rectum were numerous simple erosions of the mucosa, 
occurring in anastomosing lines and circles, such as are often 
seen in non-tubercular wasted subjects. This condition probably 
accounted to a large extent for the diarrhoea from which this 
patient suffered. The feces were yellow and soft, and the 
mesenteric glands moderately swollen. 

The bladder, penis, testicles, &c., were healthy. 


Microscoric EXAMINATION. 


(a) Posterior Root Ganglia. 


Method of examination.—The 8rd, 4th, 5th, 6th and 7th 
dorsal ganglia of both sides were all hardened in formalin 5 per 
cent. ; some of these were stained en bloc in a mixture of osmic 
acid 2 per cent. 4 parts, and acetic acid 1 per cent. 1 part, were 
cut in paraffin and then differentiated as in the method of Pal. 
Others were cut on a freezing microtome and the sections 
mordanted in iron alum 2 per cent., stained and differentiated in 
the solutions of hematoxylin and sulphurous acid respectively, 
used in the method of Pal, and finally counter-stained with alum 
carmine. 

Both these methods display the medullated nerve fibres in a 
most satisfactory manner. 
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Dorsal 6. Right.—This ganglion was prepared by the second 
method mentioned above, batches of eight to ten sections being 
treated at a time and mounted in successive order (plate 6, 
fig. 2. 

The first few sections show the anterior and posterior roots 
immediately central to the ganglion. The latter root is composed 
of two bundles of unequal size, having diameters of -680 and ‘840 
mm. respectively. The smaller of these bundles does not con- 
tain half the number of nerve-fibres it should and is obviously 
sclerosed. The anterior root is normal and there is no indication 
of inflammation in the tissues investing either rogt. 

Nearer to the ganglion the larger of the two posterior root 
bundles splits into two, while the diseased one remains undivided. 

In sections showing the beginning of the ganglion there is no 
difficulty in following the above-mentioned sclerosed fasciculus ; 
it lies at one side of the field close under the sheath of the gan- 
glion, not far removed from the anterior root. A little further on 
it can be traced into a focal lesion in the ganglion, which in parts 
where it is best developed, viz., just distal to the centre of the 
ganglion, has the following characters. It is recognised as a pale- 
stained field, occupying about one-sixth of the superficial area of 
the section and lying immediately below the ganglionic sheath. 
It extends inwards for a depth of ‘595 mm., has an average 
transverse measurement of 765 mm., and runs along the circum- 
ference under the sheath of the ganglion for a distance of about 
1:190 mm. In structure it is composed of a mass of fibro-cellular 
material, in which the nuclear elements are either round or of 
elongated form and the fibrous elements irregularly disposed, and 
it is comparatively rich in blood-vessels, but the most important 
feature of the area is that hardly a nerve-cell or nerve-fibre of 
any kind is to be seen in it, showing that the lesion in the first 
place was of a destructive nature. The periganglionic sheath 
covering this area is two or three times thicker than normal; 
it retains its lamellated character but is over-cellular, small 
round cells being especially numerous on its inner surface. 
The remainder of the field at this level has a normal appear- 
ance, nerve-cells and fibres being present in abundance, and 
the dividing line between healthy and diseased parts is fairly 
sharply defined. 

Changes like those above described are recognisable in about 
thirty-five successive sections, and in the sections distal to the 
lesion a sclerosed area takes its place, which is traceable into the 
peripheral nerve. 

Immediately distal to the ganglion sections show four main 
bundles of nerve-fibres; one of these is the motor root and the 
other three constitute the sensory portion of the trunk, and of 
the latter one fairly large fasciculus, measuring 1:190 by -765 
mm., is severely diseased, being principally composed of fibro- 
cellular tissue which has clearly taken the place of nerve-fibres. 
A little further along this sclerosed fasciculus breaks up into 
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three small bundles, and in the end all the above bundles, normal 
and diseased (including the anterior root) fuse and become sur- 
rounded by a common perineurium, but the selerosed bundle can 
still be seen lying at one side of the field. 

The continuation of the change is described under the head- 
ing “ Peripheral nerves.” 

Dorsal 6. Left.—The roots seen immediately central to the 
ganglion are composed of normally stocked fasciculi of nerve- 
fibres, the ganglionic body is free from focal lesion and the first 
part of the conjoint nerve-trunk shows no trace of sclerosis. 

Dorsal 3, 4,5, 7 and €. Right and Left—Show no note- 
worthy change. 


(b) Posterior Spinal Nerve-roots. 


Method of examination. —After hardening in formol 5 per 
` cent., the roots were placed for several days in a mixture of four 
parts of osmic acid 2 per cent., and one part of acetic acid 1 per 
cent., and were then cut in paraffin. Differentiation when 
necessary was effected with the solutions employed in Pal’s 
original process for staining medullated nerve-fibres. 

By this process the medullated sheath of nerve-fibres of all 
calibres stains jet black.. 

Dorsal 6. Right and left.—In transverse sections of the root 
of the right side, two small bundles are seen lying together at 
one end of the section which are undoubtedly sclerosed, but the 
number of fibres which have disappeared does not look so great 
as was expected. However, on comparing the sections of this 
root with those of the root of the opposite side, one immediately 
notices that the former is much the smaller of the two, and all 
things considered, we think it not unreasonable to assume that 
this root was originally the seat of herpetic degeneration, but on 
account of the great length of time which has elapsed since the 
attack of herpes, a considerable amount of contraction has 
occurred, and this, by diminishing the area of the field of 
sclerosis, masks and gives a false conception of the actual number 
of fibres which have been destroyed and absorbed. In the re! 
maining bundles spaces are present which suggest sclerosis. 

The root of the left side is normally stocked with healthy 
fibres. In both roots fibres of large and small calibre are 
noticeable. 
` Examination of the 8rd, 4th, 5th, 7th and 8th dorsal roots 
of both sides gives negative results. 


(c) Peripheral Nerves. 


Method of examination.— Same as for the posterior roots. 
Dorsal 6. Right. —Transverse sections made at a point about 
1 cm. distal to the ganglion show that the nerve is composed 
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of five fasciculi, all of approximately equal size, and of these one 
is seriously diseased. It lies at one end of the section, has a 
© diameter of ‘340 mm., dnd is to a great extent deprived of nerve- 
fibres, a rough count showing that there are only about 170 
fibres present, whereas there is room for six times that number. 
The fibres which remain are of all calibres, ranging from the 
ordinary large medullated fibre typical of the peripheral nerve, 
down through all sizes to the smallest tubule, and the latter 
are not grouped together in any special manner. 

The tissue which has taken the place of the nerve-fibres 
is of fibrous character, staining of a pale browa tint like the 
perineurium. 

Of the remaining fasciculi one has obviously lost a consider- 
able number of fibres, but of the other three it can only be said 
that they do not contain quite their normal number. 

The perineurium is not altered in any way, either locally or 
generally, but the blood-vessels which run in it are congested. 

In sections about 2 em. distal to the ganglion the nerve is 
split up into ten different fasciculi of varying sizes, and of these 
three bundles lying at one end of the section are undoubtedly 
deficient in nerve-fibres, and some of the others do not contain 
their normal number. 

In sections about 3 em. distal to the ganglion the bundles 
are all smaller and more approximately of equal size. A defi- 
ciency in fibres in some of the fasciculi is still noticeable. 

In sections 4 em. distal to the ganglion the nerve is com- 
posed of eight fasciculi; of these three fairly large bundles with 
an average diameter of ‘510 mm. lying at one end are fairly 
healthy. The remaining five bundles, which have an average 
diameter of ‘250 mm., are all sclerosed, and two lying quite at 
the edge of the section are peculiar in that the fibres which 
remain are all large, round and swollen, and instead of showing 
a ring of myelin they stain a uniform jet-black throughout. i 

In sections 7 cm. distal from the ganglion the nerve consists 
of one corporate bundle with a diameter of about -765 mm., in 
the sheath of which runs a single tiny fasciculus. At one end 
of this large bundle is an obvious patch of sclerosis involving 
about one-sixth of its superficial area. 

Most of these changes in the peripheral nerve are clearly 
displayed in the accompanying illustrations, which have been 
made with an Abbé drawing apparatus, each nerve-fibre being 
placed in its correct position (plate 16, figs. 3, 4, 5). 

Dorsal 6. Left (1 cm. distal to the ganglion).—This nerve 
also is composed of five fasciculi all of approximately equal size, 
and it may be at once stated that no bundle shows any alteration 
which can be compared with that described as existing in the 
corresponding portion of the right nerve, but at the same time 
there are minute spaces scattered about which seem to indicate 
that a few fibres are wanting. This appearance was also noted 
in the healthy bundles of the right nerve. There is again no 


THE PATHOLOGY OF HERPES ZOSTER 477 


perineural thiekening, and the vessels accompanying the nerve 
are only moderately congested. . 

Sections about 2 cm. distal to the ganglion show one large, 
three medium sized, three small and two minute bundles; in 
none of these is there any pronounced morbid alteration, and 
the same remarks apply to other sections made at further distal 

oints. 
j Dorsal 3,4, 5, 7 and8. Right and left.—Show no noteworthy 
change. 


(d) Spinal Cord. 


Method of examination—One segment only, viz., the 4th 
dorsal, was stained by the method of Marchi (Orr’s modification). 
The remainder of the cord was hardened in formalin 5 per cent., 
and sections from various levels were stained with osmic acid 
and hematoxylin by a process which displays medullated nerve- 
fibres. 

Dorsal 4.—As death occurred so long after the herpetic erup- 
tion, it was thought that nothing would be gained by examining 
the cord by the method of Marchi, because traces of acute degene- 
ration which might have been present at an earlier stage would 
now be absorbed. The sections from this segment prove the cor- 
rectness of this assumption, for no degenerated products whatever 
are recognisable in the position in the posterior column which the 
fibres of the 6th dorsal root of the right side occupy, or indeed in 
that neighbourhood; but at the bottom of the postero-internal 
column of the left side, lying close up to the posterior commissure 
and extending backwards more than half-way up the posterior 
median septum in the form of a tapering line, the method reveals 
a curious collection of acutely degenerated fibres, the significance 
of which is entirely problematical. It is now to be regretted that 
the cord above and below this level was not examined by the 
method of Marchi, so that the origin, further course, and desti- 
nation of these fibres might have been traced. 

Also in the left lateral column, scattered about in the direct 
cerebellar and antero-lateral cerebellar tracts, are some few de- 
generated fibres, the presence of which is likewise unexplained. 

Sections from the 7th cervical to the 3rd dorsal and from the 
5th to the 8th dorsal segments inclusive, which were stained to 
display medullated nerve-fibres, show no definite sign of sclerosis 
in the posterior columns, and no other pathological change 
whatever. 

The absence of sclerosis in that part of the posterior columns 
occupied by the fibres of the 6th dorsal root of the right side, 
proves that post-herpetic spinal degeneration, though plain enough 
when examined in an early stage by the method of Marchi, is not 
sufficiently copious to leave behind a recognisable tract of sclerosis 
after the products of degeneration have been absorbed. 
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. Case 14.—Sydney Herbert B., aged 40. Admitted to the 
London Hospital (Mr. Jonathan Hutchinson) May 21, 1898. 
. Died July 24, 1898. 





SUMMARY. 


He suffered from lymphatic sarcoma involving the glands of the 
neck, axille, and groins. 

Sixteen days before death herpes zoster appeared over the 4th 
dorsal area of the right side (fig. 14). 

On post-mortem examination many glands wore found to be 
involved, including those of the anterior and posterior mediastinum 
and the glands on either side of the lumbar spine. 

The growth situated on the anterior aspect of the spine in the 
upper dorsal region had passed in at the foramina, enveloping many 
of the ganglia and posterior roots on both sides. 

On microscopical examination all the ganglia were free from 
growth, except the 4th dorsal on the right side, which was pro-, 
foundly destroyed by the invasion of lympho-sarcomatous growth. 
But although the other ganglia had resisted invasion, the connec- 
tive tissue around many of those im the upper dorsal region showed 
new growth in varying quantities, and several roots were affected 
over and above the 4th dorsal on the right side, a oleh was pro- 
foundly degenerated. 





Fic. 14. 
To show the distribution of the eruption in Case 14. 





History.—He was quite well until six weeks before admission, 
when he began to feel pain under the shoulder-blades. He put 
on a mustard plaster, and in the morning the pain had left the 
. shoulder and gone to the small of the back. He continued his 

work, but felt tired, and the pain in the back still troubled him. 
He stayed in bed for a couple of days, and then went away from 
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London. He then suffered greatly with pains everywhere, and 
could not sit or stand-for any length of time. Two weeks 
before admission the glands in The neck began to swell, but 
caused no pain. Next the glands in the groin enlarged, and then 
those in the axilla. The glands were painless, but he suffered 
from general weakness and pain in the back. Ten days before 
admission the glands became tender, those in the groin being the 
worst. 

He had always been healthy and strong, except that about 
three years ago he had some sores in the mouth which came and 
went in different places. He was put upon mercury, and the 
sores disappeared. f 

His mother died of cancer of the uterus, and maternal grand- 
mother of cancer. There was no other family history of 
importance. 

On admission, the glands in both axille and in the neck were 
much enlarged, more so on the left than the right side. The 
glands in the groin and popliteal spaces were also enlarged, but’ 
to a less degree. 

There was considerable tenderness of the abdomen, in the 
region of the liver, and in the lumbar region, but’the spleen 
and liver were not enlarged and nothing abnormal could be felt. 

No abnormal physical signs were discovered in the chest. 

Urine 1020; contained a small quantity of albumen, but no 
blood or casts. 

His temperature was irregular, but rose to 101° F. (38-6° 05, 
and rarely fell below 100° F. (38° C.). 

Progress. —On June 6 he complained of a sore throat. The 
left tonsil was inflamed and covered with slough. 

Over the 5th rib on the right side, and a little inside the 
mid-axillary line, a hard lump about the size of a walnut had 
made its appearance. Other nodules appeared on the ribs, and 
increased in size and number. 

The glands in the neck increased greatly in size, so that they 
formed almost a collar round the neck. 

The tonsil sloughed and tke whole tonsillar substance sloughed 
away. 

July 8. He developed herpes zoster over the area in fig. 14, 
corresponding to and marking out the complete area of the 4th’ 
dorsal ganglion. The rash came out quite painlessly. 

Rhonchi now began to appear.in both lungs. 

From this time onwards he wasted profoundly, had occasional 
attacks of diarrhcea and became very weak. 

He died on July 24, seventeen ai after the first appearance 
of the eruption. : 


POST-MORTEM EXAMINATION. 


Twenty-four hours after death. Rigor mortis had a ar 
Much wasting. Marked edema of right leg. 4 


480- ORIGINAL ARTICLES AND CLINICAL CASES 


The area that had been occupied by the herpetic eruption was 
still marked out at the post mortem by many scabbed patches. 

Bunches of enlarged glands were present in both Scarpa’s 
triangles and on both sides of the neck. They were large, freely 
movable and on section soft, of a grayish colour and showed no 
caseation. 

The glands of the anterior mediastinum were matted together 
and invaded by new growth. They formed a large mass, 5 inches 
(12-5 cm.) from above downwards, 4 inches (10 em.) from side to 
side, and 24 inches (6 cm.) at its thickest part. The growth 
invaded the upper part of the pericardium and the inner surface 
of the sternum, opposite the 3rd, 4th and dth ribs. 

There was some enlargement of the posterior mediastinal 
glands, and the anterior surface of the spine in the upper dorsal 
region was covered by new growth. This growth dipped into 
all the foramina. 

When the spinal canal was opened from the back and the 
ganglia dissected for removal, this growth from the anterior 
surface of the spine was seen in close contact with the ganglia, 
especially from the Ist to the 5th dorsal. This growth seemed 
to lie in contact only with the 1st, 2nd and 8rd dorsal ganglia, so 
that when they were carefully removed the greater part of the 
growth remained behind in the canal. The 4th dorsal ganglion on 
the right side was, however, completely lost in the growth, and 
was therefore removed embedded in the contents of the foramen. 

There were no secondary growths in the lungs. 

Heart was normal. 

In the abdomen there was extreme enlargement of the 
mesenteric glands, which entirely surrounded, the aorta, A 
large mass of glands was situated over both iliacus muscles. 

' The spleen was large and soft, but contained no secondary 
deposits. 

The capsule of the kidneys stripped easily, and on the surface 
were seen large numbers of whitish-gray masses of rounded 
shape. These secondary deposits were found, on section, to be 
diffused throughout the substance of the kidney. 

The liver weighed 6 lbs. 2 ozs. (2:77 kgm.). Scattered 
throughout its whole substance were large white irregularly round 
secondary deposits. In the right lobe close to the surface was 
one large secondary nodule of about 13 inches (4 cm.) in diameter. 


MICROSCOPICAL EXAMINATION. 


The following portions were examined microscopically :—(a) a 
series of posterior root ganglia, (b) a series of posterior roots, (c) 
the spinal cord. l 

(a) Posterior Root Ganglia. 

The Ist, 2nd, 3rd, 4th, 5th, 6th and 7th posterior root 

ganglia on both sides were hardened in 96 per cent. alcohol 
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and cut in paraffin in longitudinal series. They were stained 
by Nissl’s methylene blue’ method and counter-stained with 
safranin, erythrosin or eosin. 

Dorsal 1. Righi.—The actual ganglion itself is unaffected. 
The ganglion cells stain well and there is no increase of inter- 
stitial tissue and no invasion by small round cells. The capsule 
is intact, but outside in the periganglionic tissue is a mass of 
new growth, composed of small round cells that take the blue 
extremely deeply. These cells lie in spaces resembling those of a 
lymphatic gland, and the growth is evidently a lymphatic sarcoma. 

Dorsal 1. Ieft.—This ganglion closely resembles that on the 
right side. The growth can be seen around the ganglion, but it 
has not penetrated the sheath, which is clean and smooth. 

Dorsal 2. Right and left.—Around both these ganglia a 
large mass of new growth is visible, but the ganglia themselves 
show no signs of invasion or of secondary inflammation. The 
cells stain well. 

` Dorsal 3.° Right and left.-—On both sides the amount of 
growth is less and in neither ganglion has the growth penetrated 
the capsule or caused secondary inflammation. 

. Dorsal 4. Right.—This ganglion shows a completely different 
condition (plate 2, figs. Land 2); for here the thick fibrous sheath 
of the ganglion has been penetrated by new growth which has 
involved the ganglionic substance. The space inside the sheath 
is occupied by a multitude of small round cells that stain 
extremely deeply with methylene blue. Here and there the 
remains of ganglion cells can be seen as white or greenish-blue 
dises with an unstained nucleus. In those specimens where 
the ganglion has been counterstained with "erythrosin, these 
ganglion cells appear as pink undifferentiated bodies surrounded 
by masses of small round cells of a deep blue colour. When the 
inflammation is less intense the ganglion cells stain as uniform 
blue masses. The more outlying cells show marked chromato- 
lytic changes, Nissl’s particles have disappeared, the body of 
the cell presents a uniform granular appearance, and large light 
patches are seen in its protoplasm. The nucleus of these cells is 
excentric, and appear in some cases to have been extruded. 

Dorsal 4. Left.—Some new growth can be seen in the con- 
nective tissue surrounding this ganglion, but it has not penetrated 
the sheath, and within the substance of the ganglion neither 
nerve-cells nor interstitial tissue show any change. 

Dorsal 5. Bighi.—The ganglion is normal and has not been 
invaded by the growth which is seen in the surrounding connec- 
tive tissue. 

Dorsal 5. Left—No growth seen. Ganglion normal. 

Dorsal 6. Right.—No growth seen in the tissue surrounding 
the ganglion. Ganglionic substance normal. 

Dorsal 6. Left.—Growth is seen in the connective tissue 
surrounding the extreme peripheral end of the ganglion. The 
ganglionic substance is normal. 
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Dorsal T. Right—A small amount of new growth is seen 
surrounding that part where the pefipheral nerve gives off its 
posterior primary division. This growth passes inwards towards 
the ganglion lying along the side opposite to the: anterior root. 
The ganglionic substance is normal. 

Dorsal T. Left.—No growth seen. Ganglion normal. 


(6) Posterior Nerve-roots. 5 


The 2nd, 8rd, and 4th dorsal nerve-roots on the right side all 
‘show some degenerated fibres by Marchi’s meth8d, but the most 
marked degeneration is seen in that of the 4th dorsal correspond- 
ing to the ganglion that has been destroyed by the new growth. 
On the left side the 2nd and 3rd dorsal show a slight amount of 
degeneration, but much less in extent than that in any of the 
roots of the right side. The 4th dorsal on the left side is normal, 
and the 5th dorsal on both sides is unaffected. 

It must be remembered that although only the 4th dorsal 
ganglion on the right side was invaded by the new growth, some ' 
new growth was seen in most of the foramina surrounding the 
ganglion and passing inwards with many of the posterior roots. 
To this must be attributed the degeneration of many roots, 
although one ganglion only is actually involved. 


(c) Spinal Cord. 


The spinal cord was hardened in Miiller’s fluid, cut, and 
stained by Marchj’s method. Unfortunately, owing to the de- 
generation of many nerve-roots, the changes in the spinal cord 
are of but little value from the point of view of localisation. For 
in the lower lumbar region the cord shows a mass of degenerated 
fibres in the posterior columns, due to the infiltration of nerve- 
roots by the lumbar focus of growth (vide supra page 480). This 
degeneration is seen passing up the cord, and at the region of the 
a dorsal has become entirely confined to Goll’s column on both 
sides. 

At the level of the 4th dorsal an extremely marked mass of 
degeneration is seen to enter the cord with the 4th dorsal root on 
the right side and to occupy the root zone. At the level of the 
3rd dorsal this degeneration is extremely marked, and is appa- 
rently reinforced by fibres from'the 3rd dorsal root., On the left 
side at this level there are possibly a few degenerated fibres 
amongst those entering in the posterior root, but the picture 
presented bears no relation in intensity to that in the root zone of 
the right side. The entry of acutely degenerated fibres seems to 
cease at the level of the 1st dorsal, and the degenerated fibres from 
the 4th, 3rd, 2nd, and 1st dorsal roots take up a position in the 
postero-external column and can be traced up to the posterior ` 
column nuclei. 
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Case 15.—William H., aged 36. Admitted to the London 
Hospital under Mr. Moullin, January 26, and died February 13, 
1899. 





SUMMARY. 


On January 26 he was struck on the back by a descending lift. 
He was absolutely paralysed below the umbilicus, and sensation to 
all forms was abolished below the lower border of the 9th dorsal 
segment. Above this level there was a zone of hyperalgesia occupy- 
ing the Tth, 8th and 9th dorsal areas. The knee-jerks and plantar 
reflexes were absent. 

February 7. A small patch of herpes appeared over the 9th 
intercostal space on the left side, close to the tip of the 9th and 10th 
vib cartilages. 

„He died on February 13, six days after the development of the 
eruption and eighteen days after the accident. 

On post-mortem examination the 11th dorsal vertebra was found 
to have been fractured and the 11th and 12th vertebre had gone 
bodily backwards. A portion of the intervertebral disc between the 
ilih and 12th dorsal projected into the spinal canal, cutting the 
cord like a knife. 

On microscopical examinasion three separate conditions were 
found, corresponding with a) the direct injury, (2) the secondary 
vascular disturbance, (3) the herpetic eruption. 

(1) The spinal cord was completely divided at the level of the 
Ist lumbar segment. The 11th and 12th segments also showed 
hemorrhages and some infiltration with small round cells. The 
10th dorsal segment was unaffected by the direct injury, but here 
and in every segment above, the cord showed the usual ascending 
degeneration in the posterior and antero-lateral columns. 

Lhe roots of the 10th and 11th dorsal were torn through close 

to their exit from the ganglion. These ganglia and the portions of 
the roots attached to them were surrounded by a mass of inflamma- 
tory tissue. ; 
_ (2) The cells of all the ganglia examined showed extremely 
marked chromatolytic changes; Nissl’s granules were diminished, 
the nucleus was excentric and in many places had been extruded. 
These changes were present even in the Bth and 9th ganglia, which 
were entirely free from surrounding inflammation. 

The posterior roots of the Tth, 8th, 9th, 10th and 11th dorsal 
were more or less congested and showed swelling of the meduliary 
sheath and invasion by leucocytes. These leucocytes contained 
much material that stained black with osmié acid. 

The whole of these changes are probably due to vascular changes 
secondary to the injury, and the changes in the ganglion cells are 
probably associated with the area of hyperesthesia over the Tth, 8th 
and 9th dorsal areas. 

(8) The 9th dorsal ganglicn on the left side showed a small 

. focus of round-celled infiltration. It was the only ganglion that 
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showed any such change, and this, taken in connection with other 
cases, may probably be asswméd to be the cause of the eruption of 
herpes over the tip of the 9th intercostal space. 





Fie. 15. 


A.—To show the area of altered sensation in Case 15. The complete 
Se is represented by horizontal lines, the hyperalgesia by dots. 
B.—To show the area occupied by the herpetic eruption in the same case. 





History. —At%.30 a.m. on January 26, he was adjusting the 
buffers of a lift when it cäme down, striking him on the back. 

On admission.—He was absolutely paralysed in his lower 
limbs. The muscles of the abdomen about 14 inches (4 em.) 
below the umbilicus were relaxed and flabby, whilst those of the 
upper abdomen were tense and contracted. Sensation to touch, 
pain, heat and cold was absolutely abolished above the upper 
level of the 10th dorsal segment, and the upper level of the loss 
of sensation was sharply marked, scarcely varying half an inch 
(1°3-em.) on repeated testing. Above this level was an area of 
marked hyperalgesia to all forms of stimulation. Within this 
band touch, heat and cold all gave him pain, and a moderately 
painful stimulus became intensely so (fig. 15a). 

The knee-jerks were absent on both sides; plantar reflexes 
absent. The abdominal reflexes were abolished below the level 
of the umbilicus, but above the umbilicus over the hyperæsthetie 
area they were distinctly increased. 

He had complete retention of urine, and his penis was turgid 
and semi-erect, 

There was a large bruise in the mid-dorsal region over the 
left side of the spine from above the level of the 8th to the 12th 
dorsal spine. Several ribs were fractured on the left side. 
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Progress —On January 29, the urine became alkaline and 
remained so until Feb. 5 

On February 7, a small patch of herpetic eruption appeared 
on the left side over the tip of the 10th rib. It consisted of 
two small groups, one of twelve vesicles situated over the extreme 
anterior portion of the 9th space, and a second small group of 
five vesicles situated over the tip and posterior border of the 
10th rib. There was no redness around, and the whole eruption 
was extremely slight. 

His temperature showed an irregular rise and fall, sometimes 
reaching 102° P. (39° C.), but usually ranging between normal 
and about 101° F. (88-4° ©.). Räles appeared all over the chest, 
and he died on the early morning of February 13. 


POST-MORTEM ExAMINATION. 


Made ten hours after death on February 13. 

Rigor mortis well marked. No bed sores. Two small patches 
of herpes were still present over the tip of the 10th rib. No 
further patches anywhere. 

There was a marked projection of the spine in the extreme 
lower dorsal regions, and on removing the skin the 11th dorsal 
was found to be the highest vertebra involved in the projecting 
mass. The spine of the 10th dorsal vertebra was loose and could 
be moved without difficulty. The transverse processes of ‘the 
lith dorsal vertebra were fractured, and permitted movement of 
the spine in an antero-posterior direction. 

On removing the lamin® the lith and 12th dorsal vertebra 
were found to have gone bodily backwards. A portion of the 
intervertebral dise between the bodies of the 10th and 11th dorsal 
vertebrae was loosened, and had been forced backwards so as to 
project, cutting into the cord like the blade of a knife at a level 
just below the entry of the 11th root into the cord. 

At this point the theca was dark red, much swollen and 
thickened from inflammatory tissue. On the right side the 11th 
dorsal ganglion was involved in a dense mass of fibrous tissue. 
From the point where the 10th dorsal root entered the cord on 
either side the cord was brown and diffluent. At the level of 
entry of the 11th root it was universally softened, so that the pia- 
arachnoid contained nothing but blood-stained débris. 

The 10th and 11th ribs ou the left side had been fractured but 
had united again, with the formation of a: good deal of callus. 
The point of ‘fracture of the 10th rib was about two inches from 
its head. 

There was a good deal of recent lymph over the base of the 
left lung. The lower lobe of the left lung was solid. The upper 
lobe was normal, except for slight bronchitis. The whole upper 
lobe of the right lung was universally adherent by old adhesions. 

Heart, normal. 
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Liver, large, somewhat fatty. 

Spleen, normal. 

Kidneys: Capsule stripped with some difficulty. Both 
kidneys somewhat congested, but otherwise normal. 


MicroscoricaL EXAMINATION. 


(a) A series of posterior root ganglia, (b) a series of posterior 
roots, (c) the spinal cord. 
‘ 


(a) Posterior Root Ganglia. 


The ganglia were hardened in 96 per cent. aleohol, embedded 
in paraffin, and cut longitudinally in series. They were stained 
by Nissl’s method and certain series were counterstained with 
safranin or with eosin. 

Dorsal 8.—Both the ganglion of the right and left side show 
the same changes, and can therefore be described together. 
There is no thickening or inflammation of the sheath and no 
infiltration by small round cells in its substance, The vessels are 
not engorged and there are no hemorrhages. 

But on the other hand the ganglion cells have undergone 
remarkable changes. In some the Nissl granules are markedly 
diminished, in others unstained areas are visible. In many the 
nucleus is excentric, and in some it appears to have been extruded. 
In such cases the cells are irregular in shape and contain few 
Nissl-bodies. Thus the ganglion cells of all forms have under- 
gone marked chromatolytic changes. 

Dorsal 9. Left.—Here the cells have undergone a similar 
change to that described above, but in addition there is a small 
focus of small round cells, obviously of inflammatory origin. 
These cells stain more darkly with methylene blue than the cells 
of the normal interstitial tissue. There is no sign of a hamor- 
rhage. If we consider the slightness of the herpetic eruption, we 
cannot wonder that the amount of inflammatory change was less 
than in previous cases. 

Dorsal 9. Right.—This ganglion shows no inflammatory 
change of any kind; but, just as in all the other ganglia, the 
ganglion cells show marked chromatolytic changes. 

Dorsal 10. Left.—This ganglion lay below the fractured 
vertebra and represents the highest level of the analgesia (vide 
fig. 15a). Under a low power the most marked microscopical 
feature is the mass of inflammatory tissue that surrounds the 
posterior root and central portion of the ganglion. The ganglion 
lies embedded in this tissue like the stone of a fruit. Just central 
to the ganglion the posterior root fibrils are reduced to a mass of 
disorganised tissue surrounded by effused blood and inflammatory 
tissue. Yet, in spite of these profound changes around the gan- 
glion, the sheath has remained intact. The interstitial tissue is - 
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quite unaltered, and there is no destruction of ganglion cells from 
without. But, as elsewhere, the cells themselves show marked 
chromatolytic changes. These range from rarefaction of the 
granular staining material to extrusion of the nucleus, with 
shrivelling of the body of the cell. 

Dorsal 10. Right.—The destructive process around the gan- 
glion and in the posterior roct fibres is not quite so profound as on 
the other side. But in nature the changes are identical, and here 
again the sheath of the ganglion has formed a complete barrier to 
invasion by the inflammatory process. 

The periphesal nerve entering both the right and left ganglion 
is unaffected. 

Dorsal 11.—Both left and right ganglia at this level show 
similar changes. The posterior roots, just after they have left 
the ganglion, are severed, and the remains embedded in a mass of 
inflammatory tissue and altered blood. In no case is there the 
slightest evidence of inflammation within the substance of the 
ganglia themselves. The cells of both ganglia exhibit profound 
chromatolytic changes. 

The peripheral nerve as it enters the ganglion is in both cases 
unaltered. 


(b) Posterior Nerve-roots. 


The posterior roots were hardened in Miiller’s fluid and stained 
by Marchi’s method. They were embedded in celloidin and cut 
strictly longitudinally. 7 

Dorsal 11. Right and left.—The fibres of both these roots are 
swollen and the myelin sheath is in many places interrupted. 
But the most marked change is the enormous number of leuco- 
cytes of all sizes which lie between the fibres. These cells 
contain large masses of darkly-staining fat or darkly-staining 
granules. In many places the fibres show marked erosion, and 
in some places have nearly disappeared under the eroding action 
of these leucocytes. The vessels are much engorged with blood, 

The condition of these roots is unlike that of roots that are 
undergoing acute degeneration, and the changes they exhibit are 
probably due to the fact thet they were destroyed at the time of 
the accident. Thus, although the patient lived for a considerable 
time after the accident, the roots being necrosed could not degene- 
rate, whilst the interstitial tissue would show absorptive changes 
to an even more marked degree than usual. 

Dorsal 10. Right and lejt.—Both these roots show an exactly 
similar change, but the changes are less marked on the right side 
than on the lefi. 

Dorsal 9. Left.—There is less swelling of the fibres, but the 
invasion of leucocytes containing particles that stain with osmic 
acid is extremely marked. 

Dorsal 9. Right.—This root on the other hand shows no 
definite change. 
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Dorsal 8. Left-—In parts this root is normal. Then in 
other parts patches are seen where the above-mentioned changes 
are visible. ; ° 

Dorsal 8. Right.—Here the change is extremely marked. 
The central vessel is gorged with blood and all its collateral 
branches stand out full of blood. 

Dorsal T. Left—This root contains two groups of rootlets. 
In one of them the vascular engorgement is very marked, and 
here the above-mentioned changes are present to a marked 
degree. In the other the vascular disturbance, if present, is slight, 
and here the swelling of nerve-fibres and leucocytesis is absent. 

Dorsal T. Bight.—On the whole this root is more normal 
than that of the other side, but in places the same changes 
can be seen as in the left root. 

Thus the posterior nerve-roots show two changes in this 
case. Firstly, the 10th and ilth roots on both sides are 
crushed close to their exit from the ganglion to such an extent 
that they are practically divided. Here the roots are surrounded 
by a mass of inflammatory tissue as far as they lie in the canal. 
The 7th, 8th and 9th roots on the other hand are not divided or 
crushed, and are nob surrounded by inflammatory tissue. 

Secondly, all the roots to a varying degree exhibit some 
changes in the nerve-fibres. They do not show the long bead- 
like rows of black dots usually seen by Marchi’s method in an 
acutely degenerated nerve. The change consists mainly of 
a marked swelling of the sheath with erosion and disappearance 
in paris, accompanied by an invasion of leucocytes of all sizes. 
These leucocytes are crowded with particles that stain black with 
osmic acid. Wherever. this change occurs in the 7th, 8th and 
9th dorsal roots the vessels are engorged, and even the smallest 
branches are filled with blood. 


(c) Spinal Cord. 


The spinal cord was hardened in Müller’s fluid, and the 7th, 
8th and 9th segments were in part stained with carminate of 
soda, in part by Marchi’s method. The cervical and upper dorsal 
regions were also stained by Marchi’s method. The 11th and 
12th dorsal and lumbar cord were cut unstained and then treated 
with hematoxylin and eosin. 

From the 2nd dorsal segment upwards the cord shows the 
typical ascending degeneration, caused by a transverse lesion in 
the lower dorsal region. The whole of the postero-median 
(Goll’s) column is oceupied by degeneration. Degenerated fibres 
are also seen in the antero-lateral ascending tract on both sides. 

Passing downwards the degenerated fibres occupy more of 
the posterior columns in the usual manner. At the level of entry 
of the 9th dorsal roots masses of degenerated fibres are seen lying 
close to the posterior horn on both sides, but the entering roots of 
the 7th, 8th and 9th dorsal show no acute degeneration. 
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The 7th, 8th, 9th and 10th segments show no change either 
by carmine or hematoxylin and eosin, but at the level of the 
lith dorsal the first signs of traumatic change become visible. 
Here a small hemorrhage is visible in the lateral columns close 
to the posterior horn. Scattered about the cord are many small 
foci of small round-celled infiltration. 

At the level of dorsal 12 the blood clot has expanded into 
a hemorrhage destroying one-third of the cord. This hemorrhage 
is surrounded by small round cells and the whole cord stains 
badly, as is usual in these traumatic cases in the neighbourhood 
. of the injury. © 

At the level of lumbar 1 the cord is completely cut in two, 
and at the point of division lies a large hemorrhage in a mass of 
new tissue. . 

The remainder of the cord is disorganised and consists of 
broken down débris enclosed by the pia-arachnoid and some 
inflammatory tissue. 


Case 16.—Amy'C., aged 25, admitted to Guy’s Hospital 
December 6, 1897. Died May 28, 1898. (Dr. Pye-Smith.) 


SUMMARY. 


This patient suffered from a form of meningo-myelitis and 
multiple sclerosis, secondary to endarteritis obliterans. 

In the summer of 1894 she lost power in the right leg and 
sight in the right eye. She recovered in six Months, except for a 
little weakness of the left ankle, which came on insidiously during 
the recovery of the right leg. Then she lost power over micturition. 
December 4, 1897, suddenly lost power in both legs. 

On admission all sensation was lost below the umbilicus, and 
both legs were paralysed. Complete incontinence of wrine and 
faces. 

February 21, 1898. She developed an attack of herpes zoster 
over the area in fig. 16, corresponding to the 3rd cervical. 

Motion and sensation somewhat improved; but cystitis re- 
appeared and she died on May 28, after giving birth to a seven- 
months’ child, ninety-six days after the attack of herpes zoster. 

Post-mortem examination showed no changes of importance in 
the abdominal and thoracic viscera, except the signs of old cystitis 
and secondary abscesses in-the kidneys. 

The medulla and spinal cord showed wide-spread sclerosis with 
acute degeneration around the free border of the sclerotic patches. 
At the level of the Tth and 8th dorsal the cord was necrosed 
over rather more than one-half of its extent. There was distinct 
meningitis and the vessels showed marked signs of endarteritis 
obliterans. ; 

In connection with the herpetic eruption the 3rd cervical gan- 
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glion of the left side showed multiple foci of small round-celled 
infiltration, and the intramedullary portion of the 3rd cervical root 
was acutely degenerated. The extramedullary roots all showed a 
curious change, but there was no lesion in them that could be 
definitely attributed to the herpetic foci in the ganglion. 





Fie. 16. 
To show the distribution of the eruption in Case 16. 
‘ 


History.—In the summer of 1894 she was seized with shiver- 
ing whilst out walking one evehing, and for the next two days 
suffered from headache, languor and depression. On the third 
day she found that her right leg was weak, cold and seemed to 
have lost feeling. Next morning the leg was absolutely paralysed. 
She remained in bed three months, and during this time she 
gradually lost the sight of the right eye. Vision returned 
suddenly after three weeks, but she then saw objects double at 
a distance. At the end of three months she began to regain feeling 
in the right leg, and in six months from the onset was able to 
walk two or three miles. 

During the early months of 1895 she was quite well, except 
that she noticed some weakness of the left ankle, that persisted 
up to admission. 

For eighteen months before admission she had some difficulty 
in holding her water. This varied from day to day, and at times 
became complete incontinence. 

With exception of the weakness of the left ankle and the 
‘- difficulty in holding her water she remained well until December 
4,1897. At5 p.m. on this day she came downstairs, and coming 
quickly into the room suddenly fell onto the floor, but did not 
hurt herself. She found she was quite unable to move her legs. 
She had no pain, but had lost all feeling in the legs. 

She was brought to Guy’s Hospital on December 6, 1897, and 
on admission ber condition was as follows :— 

She was a sallow, extremely dark-complexioned woman of 25. 
Bright and intelligent. 
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She lay in bed unable to 'move her legs or change her 
‘position, but she could use her arms. 

Nervous system. — Speech unaffected. No headache. No fits. 
There was complete paralysis of both legs and of the lower part 
of the trunk, with spastic rigidity. No wasting or change in 
electrical reactions. 

There was no weakness, tremor, or inco-ordination of the 
upper extremities. She could pick up a pin easily with either 

and. ` 

There was complete loss of touch, pain, heat, and cold in both 
legs and over tite front of the abdomen up to a level about six 
inches above the umbilicus. Posteriorly the total anesthesia and - 
analgesia reached up to the level of the 11th dorsal spine. The 
upper level, both in front and behind, varied within considerable 
limits on different occasions. Above this area of lost sensation 
“ was & band of hyperesthesia extending upwards to the level of 
the 5th space. 

The knee-jerks were not obtained, and there was no ankle 
clonus. The elbow-jerks were present. The plantar reflexes 
were exaggerated and-the right was greater than the left. The 
abdominal reflexes were not obtained. 

The pupils reacted to light ahd accommodation. There was 
no ocular paralysis. The face moved well and equally. No 
difficulty in swallowing. The tongue moved well and was not 
wasted. 

Hearing, smell, and taste were normal. The discs were said 
to be perfectly healthy. 

She had lost all control over both urine and faces. 

The urine was acid and contained no albumen or sugar. 

; Progress.—On December 16 the knee-jerks were noticed to 
- have returned, but there was no ankle elonus. 

On February 21, 1898, she developed an attack of herpes 
zoster over the area in fig. 16. Owing to the kindness of Dr. 
Pye-Smith one of us was permitted to see her and to take full 
notes of her condition. 

At this time she showed complete spastic paraplegia of both 
legs and voluntary movement was impossible either at or below 
the hips. There was no loss of power in the arms ar hands. No 
tremor or wasting. 

On the right half of the body sensation to touch, pain, heat, 
and cold was absolutely lost up to a line corresponding to the 
upper border of the 7th dorsal area. On the left side light touch 
and pain stimuli were lost up to the lower border of the 9th dorsal, 
heat and cold up to the lower border of the 7th dorsal. On the 
left side the 8th and 9th dorsal areas were occupied by a band of 
hyperalgesia. Deep touch was present over the whole of the left 
side, even to the sole of the foot. 

The knee-jerks were now enormously increased and well- 
marked ankle clonus was obtained on both sides. The plantar 
reflexes were increased. 
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The pupils reacted to light and accommodation and there was 
no ocular paralysis. Undoubted nystagmus was present when 
she looked to the left, but not when she looked upwards, down- 
wards, or to the right. Movements of the face were good and the 
tongue was unaffected. 

She complained that her vision was failing again, and the left 
dise was distinctly paler than the right, but not to an extent that 
could make the diagnosis of optic atrophy certain. 

There was still complete loss of control over both urine and 
fæces. 

On March 5 she could feel a faradie current on the lower part 
of the right abdomen and over the right thigh for the first time 
since admission. By March 21 she could move the left leg 
slightly, and touch could be felt all down the front of the left leg, 
but painful stimuli were not appreciated as before. By April 22 
she could move both legs, and sensation had still further im- 
proved. A 

On May 27 she gave birth to a child weighing 2 lb. 2 oz. 
(1 kgm.), apparently a seven months’ fœtus, which died the 
same night. She was much collapsed, refused food, and died on 
May 28, ninety-six days after the outbreak of herpes zoster. 


POST-MORTEM HixAMINA'TION. 


Owing to Dr. Perry’s kindness, one of us was permitted to 
make an examination nineteen hours after death. 

Marked scarring was present within the area that had been 
an by the herpetic eruption, and some of the scars were still 
scaly. i 

Both pleural cavities were normul, and the lungs were healthy, 
except for some hypostatic pneumonia of the upper part of the 
lower lobe of the left lung. 

The pericardium was normal. There was no abnormality in 
either the muscle or valves of the heart. 

The liver was normal. 

The spleen was normal. 

The bladder showed signs of chronic cystitis, especially about 
its neck. > 

Both kidneys contained small secondary abscesses, but there 
was no marked pyelitis. 

The uterus was enlarged and contained no remains of placenta. 
The placental site looked healthy. 

The large vessels were healthy to the naked eye, but subse- 
quent microscopic examination showed that the smaller vessels 
of the nervous system had undergone extensive changes. The 
smaller cerebral vessels were markedly thickened by overgrowth 
of the endothelium, and in places were almost obliterated by 
` nodular thickening. The vessels of the cord, especially in the 
region of the necrotic area, showed distinct nodular endarteritis. 
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Examination of the Central Nervous System. 


The brain showed no naked-eye abnormality. Horizontal 
and vertical sections failed to reveal any localised patches of 
softening. 

The pons and cerebellum showed no marked changes. 

On removing the spinal cord and medulla it was at once 
obvious that they were the seat of profound changes. The cord 
was diminished in size, especially in the mid-dorsal region, and 
pale yellowish-white streaks could be seen running longitudinally 
up and down thg cord. This appearance was most evident to the 
naked eye in the centre of the posterior columns and in the pos- 
terior aspect of the lateral columns. 

The posterior and anterior roots and the posterior root ganglia 
showed no naked-eye changes. 


MICROSCOPICAL EXAMINATION. 


An examination was made of (a) a series of posterior root 
ganglia ; (b) a series of posterior roots; (c) the spinal cord, 


(a) Posterior Root Ganglia. 


The ganglia were hardened in 96 per cent. alcohol, embedded 
in paraffin, and cut in series. The ganglion of the right and of 
the left side, at each level, were embedded in the same block and 
cut and stained together, so that each section of the paraffin 
block contained a section of the right and one of the left ganglion 
at the same level. 

The sections were stained with methylene blue according to 
Nissl’s method, and counterstained with erytbrosin. 

Cervical 2.--On neither side is there any change in the inter- 
stitial tissue, nor infiltratior by small round cells. But on the 
other hand, the ganglion cells do not stain well with methylene 
blue, The cells are unaltered in shape and the nucleus is not 
excentrie, but they show a tendency to pick up the erythrosin 
rather than the methylene blue. This tendency is perhaps more 
marked in the ganglion of the left than on the right side, but we 
do not consider it has any direct bearing on the herpetic lesion. 

Cervical 3.—These ganglia were cut longitudinally. 

Cervical 3. Left.—There is a remarkable difference between 
the condition of the interstitial tissue in the ganglion of the left and 
that of the right side. (Plate 4, figs. 1 and 2). Scattered through- 
out the ganglion of the left side are numerous foci of round cells 
which stain deeply with methylene blue. The ganglion cells stain 
less deeply on the left than on the right side. Thus, where the 
ganglion is under-stained with blue the ganglion cells are seen to 
have taken the erythrosin, and the only blue is seen in the still 
darkly-stained small round cells. In the neighbourhood of these 
foci of darkly-staining small round cells the ganglion cells do 
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not stain at all and in places appear to be disintegrated. They 
are not vacuolated, and the nucleus is not excentric, but they are 
in such a condition that the body of the cell and the nucleus stain 
red (with erythrosin), only the nucleolus taking the blue. No 
hemorrhages are visible. 

Cervical 3. Right.—The ganglion cells do not stain well with 
methylene blue, but there are no foci of darkly-staining small 
round cells, as on the left side. 

Cervical 4.—On neither the right nor the left side is there 
any change in the interstitial tissue. In fact, these ganglia are 
normal, excepting that the ganglion cells do not stain well. 

Cervical 5.—Both right and left ganglia are normal. The 
cells stain better than in the other ganglia and there is no 
interstitial change. 


(6) Posterior Nerve-roots. 


The roots of cervical 2, 3, 4 and 5, on both the right and left 
side, were hardened in Miiller’s fluid and stained by Marchi’s 
method. They were then cut longitudinally. Several roots were 
also examined in the dorsal region by the same method. 

None of them show any signs of acute degeneration by 
Marchi’s method, but the fibres do not stain well. They are pale 
and ash-gray coloured, their outline is indistinct, and many of 
them are slightly swollen. The demarcation between axis cylin- 
der and fibre is not clearly marked. Although none of them 
show clearly-marked Marchi’s degeneration, leucocytes containing 
fat and many irregular fat globules are seen lying between the 
fibres. 

These changes are not more evident in one root than in 
another, and bear no relation to the herpetic lesion. For they 
are equally present in the cervical roots and in those of the dorsal 
region. 
Thus the changes in the posterior nerve-roots seem to depend 
on the general disease rather than on the herpetic lesion. 


(c) Spinal Corg. 


The spinal cord was hardened in Müller's fluid and stained by 
the Marchi, Marchi-Pal, and Stroebe methods, and also with 
hematoxylin and eosin. 

The condition of the spinal cord is best understood by begin- 
ning from below and working upwards. 

At the region of the 4th lumbar a wedge of sclerosed tissue 
runs inwards on either side in the postero-lateral region of the 
cord. At the level of the 1st lumbar these areas have spread 


"A full description of this case will be included by Mr. A. F. Tredgold in 
his paper on “ Sclerosis of the Nervous System.” 
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forwards and increased considerably in depth. They are accom- 
panied by many degenerated fibres (Marchi) where they abut ‘on 
the remainder of the-cord. There is some scattered acute de- 
generation in the posterior columns. 

At the level of the 8th dorsal the whole anterior portion of 
the cord is necrosed and converted into a mass of granular débris, 
in which can be seen the remains of thickened and blocked vessels. 
In that part of the cord which still remains partly recognisable 
large and dense patches of sclerosis can be seen.. Yet even in 
this portion, profoundly degenerated as it is, Weigert’s method 
shows a number of blue fibres between the sclerosed patches, 
showing that all continuity is not destroyed. 

At the level of the 7th dorsal this process has gone even 
further. The whole anterior part of the cord is necrosed, and 
the thickened membrane enclosing the debris of corpuscles and 
broken-down nerve-fibres contains thickened vessels and distended 
lymphatics. One large vessel is completely blocked. But at this 
level there is a definite line of demarcation between the necrosed 
anterior portion and the sclerosed posterior and postero-lateral 
portions of the cord. 

At the level of the 6th dorsal the cord is much diminished in 
size, but is not necrosed. Patches of sclerosis are seen in the 
posterior columns, the postero-lateral columns, and anterior 
columns. All these patches are surrounded by much acute de- 
generation (Marchi). ; 

.From the 4th dorsal upwards the cord has nearly regained its 
usual size, but the patches of sclerosis in the posterior columns 
and in the lateral columns ara very prominent. That portion of 
Goll’s column which is not sclerosed shows acute degeneration, 

At the level of the 3rd cervical similar . appearances are 
present, but there is a field of acute degeneration representing 
the incoming root on the left side. 

Further up the cord, at the level of the 2nd and 1st cervical, 
this field is seen lying close to the posterior horn. 

Thus, in conclusion, the spinal cord shows the following 
different conditions :— 

(1) An acute necrosis secondary to vascular obliteration. - 

(2) Areas of sclerosis which are not confined to tracts, also 
apparently secondary to partial vascular occlusion. 

(3) Areas of acute degeneration on the extending border of 
these patches. ' 

(4) Possibly some ascending and descending degeneration 
secondary to the focus of almost complete transverse division 
(dorsal 7 and 8). ‘ 

(5) Acute degeneration entering the cord with the 3rd cervical 
root, probably connected with the herpetic lesion of the 38rd 
cervical ganglion on the left side. 

(6) Meningitis of the membranes surrounding the cord, par- 
ticularly on the anterior surface. These thickened membranes 
contain obliterated, or partly obliterated, vessels. - 
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Case 17.—Joseph W., aged 56. Admitted to Rainhill Asylum 
March 15, 1898. Died September 14, 1898. 





SUMMARY. 


Admitted for general paralysis of the insane. 

On June 6, 1898, herpes appeared over cutaneous area of Bih 
dorsal segment on the left side (fig. 17). 

Death took place from dysentery 100 days afterwards. 

All the posterior root ganglia were healthy excapt the 8th dorsal 
of the left side. In this ganglion the sheath was thickened and 
there was an inflammatory focus causing destruction of some few 
ganglion cells. 

The spinal cord showed the changes of early tabes. In addition 
a mass of acutely degenerated fibres entered the cord at the level of 
the 8th dorsal root on the left side. 





Fie. 17. 
To show the distribution of the eruption in Case 17. 





History.—Mayrried ; one still-born child and two which died 
when two days old. Syphilis admitted. Occupation, a marine 
engineer. Had had malaria in Africa several times. During the 
last three years had complained of general weakness and had 
twice been in hospital. Temperate as regards drink. 

On admission.—Of slim build but fairly well nourished. No 
paralysis of motion or sensation. Speech clear and distinct. 
Gait good, but arm movements not under perfect control, Facial 
tremor. Knee-jerks absent. Superficial reflexes obtainable. 
Pupils small, but equal; they hardly reacted to light, if at all. 
Tongue protruded straight, almost free from tremor. Circulatory, 
respiratory, alimentary, and genito-urinary systems normal. 
General condition fair. Mentally restless, interfering, talkative, 
and the subject of grandiose delusions. 
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Progress.—June 6, 1898. Developed a mild herpetic eruption 
on skin of trunk, in region indicated (fig. 17). The vesicles were 
all of small size and were not numerous anywhere; there was 
practically no erythema and no constitutional disturbance. 

June 13, 1898. Some of the vesicles had disappeared, some 
‘were scabbing, and others were pustular. 

. July 1, 1898. The eruption had disappeared and left but 
slight pigmentation. 

He deteriorated mentally and physically, and on August 17, 
1898, had several seizures of a mild type in rapid succession. 

September d, 1898. Developed dysenteric diarrhoea with 
pyrexia and prostration. This resisted treatment, and he died 
September 14, 1898, 100 days after the appearance of the 
eruption. 


POST-MORTEM EXAMINATION. 


t 

Examination twenty-one hours after death. Warm weather. 

Tall, slim frame, poor musculature. Just a trace of brown 
pigmentation over area where the herpetic eruption had been 
distributed. Skin otherwise clean. 

Scalp and cranium normal. 

Dura mater slack frontally, not thickened’ nor adherent, 
Sinuses partly filled with blood clot. Subdural fluid greatly in 
excess, no blood or membrane. Larger arteries selerosed. 

Pronounced general arachnoid opacity, Pacchionian bodies 
slightly enlarged. ` 

Pia mater distinctly thickened and moderately hyperemic}; it 
stripped in one sheet, but tended to cling in the sulci. No de- 
cortication. 

Cerebral hemispheres of fair size and symmetrical. Indica- 
tions of general atrophy. Sulci wide. 

‚Right hemisphere unstripped weighed 592 grammes, left hemi- 
sphere 607. í 

Cortex dark, hyperemic, thin ; striation indistinct. 

White matter normal., General consistence firm. 

Lateral ventricles enlarged, fluid in excess, ependyma granular. 

Basal nuclei healthy to naked eye. 

Cerebellum weighed 140 grammes. Cortex dark and thin. 

Pons and medulla together weighed 85 grammes. No focal 
lesions, Ependyma of 4th ventricle granular. 

Pituitary body, pineal gland, cranial nerves, &c., healthy to 
naked eye. ` 

Vertebree normal. 

Fluid in spinal canal in excess. 

The spinal pia-arachnoid was thicker than normal all along, 
but this was particularly marked on the dorsal aspect of the cord. 
Furthermore, there were firm fibrous adhesions between the 
dura mater and the pia-arachnoid, covering that length of cord 
which lay between the levels of origin of the 3rd and 11th dorsal 
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nerves. This was entirely confined to.the dorsal side; there 
were no adhesions worth mentioning on the ventral aspect. 
Sections of the spinal cord revealed no macroscopic abnormality. 

A series of posterior root ganglia and spinal nerves which 
were extracted also looked healthy to the naked eye. 

Old fibrous adhesions were present round the upper lobe of 
right lung. Emphysema anteriorly in both, and on section 
general cedema and congestion, with a few patches of lobular 
pneumonia posteriorly. Bronchi congested. 

Pericardium healthy. Epieardium dull gray in colour. Muscle 
dark and firm. No organic valvular disease. e 

Peritoneum normal. Liver of normal size and shape, dark 
and firm on section. 

Weight of spleen 3 oz. (85 grammes), small but healthy on 
section. : 

Right kidney weighed 5 oz. (141 grammes), left 8 oz. (226 
grammes); capsule peeled cleanly, substance dark and firm, 
cortex of normal depth. 

Suprarenal capsules, stomach and pancreas healthy. 

Small intestine edematous, but otherwise normal. 

The last foot of the large intestine was gravely diseased ; the 
wall, including mucosa, submucosa, muscle and serosa, was 
markedly thickened. The mucous membrane was coated with a 
thick gray slough: or pellicle, and in places this was eroded and the 
submucosa laid bare ; there was no deep ulceration, and the rest 
of the large intestine was normal. The contents of the large 
bowel were fluid and of light yellow colour. 

The glands into which the lymphatics from the rectum and 
sigmoid flexure empty were red and enlarged. 

Bladder normal. Prostate normal. . Left testicle fibrotic. 


Microscopic EXAMINATION. 


The following parts were submitted to examination: (a) a 
series of posterior root ganglia with attached roots and peripheral 
spinal nerves; (b) the spinal cord. 


(a) Posterior Root Ganglia. 


The posterior root ganglia examined were the 6th, 7th, 8th, 
9th and 10th dorsal of both sides. 
‘The method employed was as follows: All were primarily 
fixed in formalin 5 per cent. and afterwards hardened in alcohol. 
Corresponding pairs from opposite sides were then embedded in 
celloidin in juxtaposition, special means being employed for the 
identification of the right ganglion. The pairs of ganglia were 
then cut transversely, in strict series, no sections being thrown 
away. . . f l 
The sections of the 6th and 7th ganglia were stained in 
Ehrlich's acid hematoxylin, those of the 8th, 9th and 10th 
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ganglia by the hamatoxylin fuchsin method of van Gieson, 
modified as follows: instead of Delafield’s hematoxylin Ehrlich’s 
acid solution was employed, and both after staining with hama- 
toxylin and after the treatment with the picric acid and fuchsin 
solution, the sections were washed in dilute lithia water instead of 
plain water. This .was found of advantage in so much as it 
intensified the blue or purple tints, prevented overstaining with 
fuchsin, and also accelerated the process. 

Dorsal 8. Left.—Beginning at the central end of the series, 
the spinal nerve-roots show grave alteration. The change is 
bilateral, and doe% not affect the actual bundles of nerve-fibres so 
much as their investments. The sheath of pia mater, which is 
reflected on to them from the spinal cord, presents a general 
inflammatory thickening .and is densely infiltrated with small 
round cells (in places there are large collections of these bodies), 
and in many instances the inflammatory exudation has penetrated 
the perineurium of individual nerve-bundles and given rise to 
changes in them. Thus the anterior and posterior roots have the 
appearance of being glued together by an inflammatory material. 
Wherever blood-vessels are present they are congested, and in 
some instances they are surrounded by hemorrhagic extravasa- 
tions. The next twenty sections show no noteworthy change, 
but thirty to forty sections from about the centre of the ganglion 
exhibit an alteration of the sheath which must be regarded as patho- 
logical. Running round about one-sixth part of the circumference 
of the sheath, and lying mainly on and without it but partly 
within its lamelle, is a dense layer or collection of small round 
cells, about as deep as the sheath itself. The portion of sheath 
affected lies not far removed from the motor root. We are forced 
to look upon this alteration as pathological, because such a change 
is not to be seen in the corresponding ganglion of the opposite 
side, nor in any other of the ganglia from this case which we 
examined. But at the same time it is not quite like the gan- 
glionie lesion which we have discovered in other cases of herpes ; 
for the nerve-cells which lie immediately subjacent to the por- 
tion of thickened sheath are apparently left intact, at any rate they 
are certainly not destroyed e masse, as they generally are, and 
though their nutrition may have been interfered with, the only 
positive evidence thereof is the presence among them of a few 
foci of small round-cell proliferation in the neighbourhood of the 
blood-vessels. 

The remaining sections of this ganglion show no change. 

Dorsal 8. Right.—This ganglion differs markedly from the 
8th dorsal ganglion of the opposite side. For although there is a 
similar perineural inflammation around the posterior root, all 
signs of inflammation cease some distance before the ganglion 
isreached. Moreover, the sheath of the right ganglion shows no 
signs of thickening, and there is no inflammatory focus corre- 
sponding to that in the ganglion of the left side. The cells of 
the right ganglion are, as far as can be seen by the modified 
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van Gieson method employed, quite normal in number and 
distribution. 

Dorsal T. Right and left ganglia.—The inflammatory change 
round the nerve-roots noticed in dorsal 8 is almost absent, and 
the sheath and substance of these ganglia are normal. 

Dorsal 6, 9 and 10. Right and left ganglia.—Sheath and 
substance of the ganglion show no abnormal change. 


Spinal Cord. 


Stained by Marchi’s method, and transverse sections cut at 
the level of entry of the 10th, 9th, 8th, 7th, 6th, 5th and 1st 
dorsal, and 7th cervical nerve-roots. (Plate 12, fig. 3.) 

Entry of dorsal 8.—A few definitely degenerated fibres enter 
the cord at this level from the left posterior root. They appear 
as lines of black masses just internal to the tip of the posterior 
cornu, and in sections through the upper part of the segment; the 
same fibres are seen a little further in cut transversely. This 
degeneration is to be referred to the lesion in the left 8th dorsal 
ganglion. 

In addition to this acute degeneration, there are two strips of 
partial tabetic sclerosis symmetrically disposed in the posterior 
column, one of which is situated along the line of junction of the 
columns of Goll and Burdach, and the other borders the posterior 
median septum. These areas are only partially sclerosed, for 
some healthy fibres can be seen throughout them. In the lateral 
pyramidal tracts of both sides, and also in the direct pyramidal 
tracts, disseminated, acutely degenerated fibres of large calibre 
are to be seen, the right anterior and the left lateral tracts being 
especially affected. This degeneration is referable to the general 
paralysis from which the patient suffered. 

Dorsal 7.—No acutely degenerated fibres enter at this level, 
and those seen in the last section lie as a strip adjacent to, 
but not quite touching, the outer one-third of the posterior cornu. 
The diseased fibres are of medium calibre and their total number 
does not exceed seventy. 

The pyramidal degeneration and the tabetic sclerosis above- 
mentioned are still present, but as they can have no connection 
with the herpes no further reference will be made to them. 

Dorsal 6.—The degenerated fibres in the left postero-external 
column are slightly further removed from ‘the cornu, and the 
dorsal extremity of the strip approaches the periphery. 

Dorsal 5.—The number of acutely diseased fibres is sensibly 
diminishing. . 

Dorsal 1.—An extremely delicate, but, at the same time, 
distinct strip of degenerated fibres is visible in the left posterior 
columns running from the periphery downwards in the direction 
of the posterior commissure, along the line of junction of the 
columns of Goll and Burdach. The same strip is not recog- 
nisable in the right posterior columns. 
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Cervical 7.—The degenerated strip seen in the left posterior 
columns at dorsal 1 is still just discernible; it has now gained the 
postero-internal column. 

Thus the microscopic changes found in this case may be 
summed up as follows :— 

All the posterior root ganglia were healthy, excepting the 
8th dorsal of the left side, which showed a local thickening of 
the sheath at about its centre. The proximal extremity of the 
ganglion was also involved in an inflammatory lesion which had 
caused destruction of some few ganglion cells. 

-Of the posterior roots examined several, viz., the 6th, 8th, 
9th and 10th of both sides, were affected by a tabetic inflamma- 
tory process, and in the posterior columns of the cord also-were 
signs of early tabes. 

A number of acutely degenerated fibres entered the spinal. 
cord by the 8th dorsal posterior root of the left side, forming 
a field of degeneration that followed the usual course. 

At first sight it would appear that this case was vitiated by 
the co-existence of the tabetic process; but in reality it was 
thereby rendered more instructive. We know that it is un- 
common in an ordinary case of tabes dorsalis to find prominent 
inflammatory changes in the posterior root ganglia. But at the 
same time the occurrence of herpes in cases of tabes dorsalis is a 
recognised clinical fact, and it is probable that in such cases the 
inflammatory process in the posterior roots peculiar to tabes 
spreads to the posterior root ganglion and so determines the 
herpetic eruption. We believe that the above case is an illustra- 
tion of this condition. 

That the 8th dorsal ganglion of the left side would, in this 
instance, be only slightly diseased, was to be expected from the 
mild and scattered form assumed by the eruption; but the fact 
that it was the only ganglion diseased, coupled with the typical 
acute spinal degeneration entering at the 8th root, renders the 
case confirmatory from the point of view of localisation. 


Case 18.—Percy Matthew T., aged 31. Admitted to Rainhill 
Asylum, October 15, 1896. Died October 12, 1897. 





SUMMARY. 


Admitted to Rainhill Asylum suffering from general paralysis 
of the insane. Speech slurred. Knee-jerks exaggerated. Pupils 
react sluggishly to light. Tongue tremulous. ' 

On September 12, 1897, a herpetic eruption appeared which 
involved the skin of the chin and cheek of the right side of the face 
(inframaczillary dwision of 5th nerve) (fig. 18). Death occurred 
from general paralysis on Bude: 12, 1897, thirty days after the 
appearance of the er ruption. 
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Microscopic Examination :— 

(a) Gasserian ganglia.—In that portion of the right ganglion 
which receives the fibres of the inframazillary division of the nerve, 
as an evident focal lesion destroying nerve-cells and nerve-fibres, 
- over an area measuring 1-275 mm. by -765 mm. 

(b) Roots of 5th nerves central to ganglia.—In that segment of 
the right root in which we suppose the fibres that belong to the 
inframasillary branch are distributed, scattered degenerated fibres 
are visible, and also three small fasciculi which are gravely affected, 
partly by a sclerotic process and partly by acute degeneration. 

(c) Inframazitlary divisions of 5th nerves.—Scatiered degene- 
rated fibres are seen all over the section and also small sclerosed 
areas. 

(d) Pons and medulla.— Definite acute degeneration of certain 
fibres of the sensory root of the 5th nerve of the right side, which 
can be traced down to the base of the substantia gelatinosa Rolandi, 
at the level of the 1st cervical anterior root. 





Fra. 18. 
To show the distribution of the eruption in Case 18, 





History.—There was insanity in his family. He was infected 
with syphilis at the age of 24, and for this he received no medical 
treatment other than that afforded by quacks. In May, 1895, he 
became melancholic after an attack of influenza, and was con- 
fined for two months in Cheadle Asylum. 

State on admission —Pooıly nourished. Speech slurred and 
indistinct. Gait rather feeble and springy. Some facial tremor. 
Knee-jerks very brisk, equal; superficial reflexes present. Pupils 
of moderate size, hardly reacting at all to light; margins circular. 
Tongue protruded straight, but tremulous. Cireulatory, respira- 
tory, and alimentary systems normal. Urine: specific gravity 
1020, no sugar or albumen. Mentally restless, excited, inco- 
herent ; memory defective. 

Progress.—He gradually deteriorated mentally and physically, 
and eventually reached a condition of almost complete dementia ; 
during his latter days he had several typical ‘‘ general paralytic ” 
seizures. 
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September 12, 1897.—A discrete crop of herpetic vesicles 
appeared on the chin and lower part of the cheek of the right 
side of the face; a few vesicles were also seen on the scalp a 
couple of inches above the ear on the same side. The skin inter- 
vening between these vesicles and also all the way up the lateral 
aspect of the cheek was markedly erythematous. The area 
affected corresponded to the cutaneous distribution of sensory 
fibres of the inframaxillary division of the 5th nerve. ` 

September 21.—The vesicles had not increased in number, 
and those previously noted were now pustular. The erythema 
had persisted. e 

September 28.—The erythema was disappearing, and the 
vesicles were scabbing. 

October 6.—Some seven or eight small scabbed patches were 
visible on the chin and three or four more similar patches on the 
scalp, a couple of inches above the ear. In the latter position 
there was also one pustule of considerable size. 

October 12.—Death from “general paralytic” exhaustion 
thirty days after the first appearance of the herpetic eruption. 


POST-MORTEM EXAMINATION. 


Post-mortem examination thirty-four hours after death. 
Weather cold. Be 

Body emaciated. Poor muscular and skeletal development. 
No localised muscle atrophy or contracture. Herpetie scabbing 
on chin and above ear on right side ; skin otherwise healthy. 

Calvaria normal. 

Dura mater slack anteriorly; no abnormal thickening or 
unusual adhesions to bone or arachnoid. Dural sinuses partly 
filled with post-mortem clot. A moderate excess of clear, watery, 
sub-dural fluid ; no free blood. 

Pia-arachnoid markedly thickened and opaque universally ; 
its removal caused patchy decortication. 

Main arteries and veins healthy to the naked eye. 

Cerebral hemispheres of fair size, equal; segments propor- 
tionally developed. Arrangement of convolutions simple; signs 
, of general atrophy most marked frontally ; sulci rather wide. 

Cortex dark, fairly firm, hyperemic, reduced in depth, with 
indistinct striation. 

White matter appeared healthy. 

Ventricles increased in size, contained an excess of fluid; 
ependyma faintly granular. Choroid plexuses congested. 

Basal nuclei and other cerebral structures macroscopically 
normal. 

Cerebellar cortex dark and thin. 

Pons and medulla of normal size and shape, consistence fairly 
firm all through; gray substance generally hyperemic; floor of 
4th ventricle granular. 
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The pituitary body, cranial nerves, and Gasserian ganglia 
present no naked-eye alteration of any description. 

An examination of the spinal cord was prohibited, but the- 
three upper cervical segments were extracted through the foramen’ 
magnum. 

Some old fibrous adhesions*existed round the apices of both 
lungs. On section of the lungs general congestion and cedema- 
was noticeable, and scattered throughout the lower lobes were 
firm patches of lobular pneumonia. : 

Heart small, muscle dark and firm; no valvular disease. 

Aorta and large blood-vessels healthy. 

Peritoneum normal. 

Liver dark and firm. Gall bladder healthy. 

Spleen normal. Kidneys dark and firm; capsule stripping 
cleanly. 

Suprarenal glands, stomach, pancreas, small and large intes- 
tines, bladder, prostate gland, vesicule seminales and testes free 
from morbid change. No obvious syphilitic scarring could be 
found on the penis. 


Mricroscoric EXAMINATION. 


A microscopic examination was made—(a) of both Gasserian 
ganglia, (b) both 5th nerve-roots in their extrapontine course, (c) 
both inframaxillary nerves, (d) the crus cerebri, pons varolii, and 
medulla oblongata. 


(a) Gasserian Ganglia. 


Method of examination.—The ganglia were primarily hardened 
in a mixture of equal parts of formalin 4 per cent. and Miiller’s 
fluid, afterwards in absolute alcohol, embedded side by side in 
celloidin, and cut transversely together on one and the same 
block. In this manner in every section we obtained a view of 
both ganglia, and we were enabled with ease and convenience to 
compare the healthy and affected sides: The sections were kept 
in strict serial order, and every alternate one was stained by the 
old copper-hematoxylin method of Weigert and mounted. In all 
110 sections were examined (plate 9.) 

In the first sections, along the dorsal margin of the right gan- 
glion, at about the junction of the outer with the middle 3rd, 
situated immediately below the dura and almost opposite the 
motor root, are three small nerve-bundles which are obviously 
diseased ; the principal change in them must be-described as a 
sort of sclerosis, that is to say, they stain very much more palely 
than adjoining bundles, are to a large extent deprived of nerve- 
fibres, and some of those fibres which remain appear to be 
swollen ; furthermore, these bundles contain an’ excess of con- 
nective tissue. 

These three bundles can be readily followed along section by 
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seetion, gradually assuming a more external position, until in 
the thirty-first section they split up to form five smaller fasciculi. 

The corresponding nerve-bundles in the left ganglion are free 
from obvious change, and so likewise are all the other nerve- 
bundles motor and sensory, all the ganglionic substance, and 
the pia-arachnoid and dura cut in the first thirty-eight sections. 

At about the thirty-ninth section signs of thickening and 
excessive development of the pia-arachnoid overlying the above- 
mentioned sclerosed bundles of the right side becomes evident. 
In the succeeding sections the bundles approach, and in the forty- 
sixth section jofn, a portion of ganglion pertaining to the infra- 
maxillary division of the nerve. This portion of the ganglion is 
infiltrated by numbers of small round cells, and in the forty-ninth 
section it becomes converted into a definite focal lesion, which 
gradually increases in dimensions to attain its maximum size at 
about the fifty-third section ; it then tails off again and disappears 
in the fifty-eight section. 

Described in detail where it is best developed the lesion has 
the following character:—It is situated in a tongue-shaped 
portion of the ganglion on the dorsal aspect, immediately beneath 
the dura mater, at the junction of the middle with the outer one-third 
of the ganglion; directly opposite to it, on the ventral surface, 
lies the motor root of the 5th nerve. In form, on transverse 
section, the focus is roughly oval, its greatest transverse diameter 
being 1-275 mm., its greatest vertical -765 mm. Structurally it is 
made up of a large central nucleus, which is tinted brown, but is 
for the greater part of indefinite composition. In it can be seen 
some scattered small round cells, a few engorged blood-vessels, 
and interspersed here and there what appear to be the remnants 
of nerve-cells. Eneireling the central position is a thin purple- 
stained zone in which small round cells are abundantly congre- 
gated. Enveloping this zone, extending up to the pia on the free 
surface and for some distance into the surrounding ganglionic 
substance, is a wider zone, which is extremely densely infiltrated 
with small round cells and in which remains’only of nerve-cells 
and nerve-fibres can be seen along with congested blood-vessels. 
‘Outside this zone the nerve-cells and fibres of the ganglion soon 
assume a healthy aspect. The pia covering the mass is thickened 
and infiltrated with small round cells. The inner surface of the 
over-lying dura is also slightly affected in a similar manner. The 
remainder of the ganglionic substance and the other bundles of 
nerve-fibres of this ganglion are healthy. 

Sections fifty-nine to sixty-five show a gradual diminution in 
the over-cellularity of the ganglionic tissues before occupied by 
the focus, and there now appears, on the outer side of this area, 
a fasciculus of nerve-fibres of considerable size, of which about 
one-third in sectional area is sclerosed. This bundle can be 
followed into the peripheral trunk of the inframaxillary division 
and disappears from view at about the seventy-fifth section. 

The remaining sections exhibit no change of importance. 

The left Gasserian ganglion is free from any signs of disease 
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(b) Roots of 5th Nerves Central to Ganglia. . 


Method of examination.—Both roots (right and left) were 
stained by the method of Marchi, fixed together in juxtaposition 
in one block in celloidin and cut serially in the transverse direc- 
tion; every alternate section of the series was mounted. 

Commencing with the sections of the more peripheral portions 
of the root, the right can always be distinguished from the left 
by the existence of degeneration in it. This degeneration is not 
of a striking character, but it is, nevertheless, just what one 
would expect when one takes into consideration the comparatively 
slight extent of the herpetic eruption. It is principally confined 
to three small fasciculi lying at the periphery of the section, 
opposite to the motor root, which root can always be identified in 
being uniformly composed of fibres of large calibre, whereas the 
sensory bundles contain fibres of mixed calibre, large and small. 
The change which these three bundles present is chiefly of a 
sclerotic character and is suggestive of an acute parenchymatous 
degeneration some weeks old, of which the blackened fatty masses 

.have been to a great extent absorbed; thus the ground of the 
affected fields is white in colour and scattered over it are round 
or irregular-shaped black masses and an appreciable number of 
empty, swollen, primitive sheaths. In this way about three- 
fourths of one bundle is affected, about one-half the next and 
about one-third of the next. Taken altogether it cannot be said 
that more than one-twentieth part of the sensory root is so 
involved. 

In addition to the sclerotic affection of these three bundles, all 
the other bundles in that segment of the root which one regards 
as being composed of inframaxillary branches show blackened 
degenerated fibres disseminated throughout them. j 

The other bundles, which are probably derived from the 1st 
and 2nd branches of the nerve, and also the motor root, are 
quite free from disease. 

The root of the left side is absolutely healthy and shows 
nothing resembling that on the right side. 

The changes in the right root above noted can be plainly 
traced centrally on to the point of entry of the root into the side 
of the pons varolii. 

Peripherally they evidently correspond with the three fasciculi 
noted as being sclerosed in the early sections of the right ganglion. 


(ce) Peripheral Nerve-trunk of Inframasillary division. 


The sclerotic condition of a bundle of nerve-fibres leading away 
from the focal lesion in the right ganglion into the nerve-trunk 
has already been alluded to. Sections of this trunk a short dis- 
tance peripheral to the ganglion, stained by the method of Marchi, 
show a considerable number of acutely degenerated fibres scattered 
fairly evenly over the various bundles comprising the trunk, and 
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likewise a partial sclerosis of some bundles. The perineurium is 
unchanged. 
The facial branches of the nerve could not be examined: 


(d) Pons Varolii, Crus Cerebri and Medulla Oblongata. 


Method of examination.—To study the condition of the 5th 
roots in their intrapontine and intramedullary course, the crus 
cerebri, pons and medulla were cub up transversely into thin 
slices and stained by the method of Marchi. 

In the first @lace the motor, so-called descending or cerebral 
root, is quite free from degeneration from its point of issue from 
the pons to as far up in the erus cerebri as it is possible to trace 
it. 
It might also be mentioned here that in the sections above the 
level of entry of the 5th roots, the various systems of nerve-fibres, 
viz., the superior cerebellar peduncles, the lemnisci, the posterior 
longitudinal bundles, the fibres of the tegmentum, the transverse 
pontine fibres, &e., show no degeneration whatever, but in the 
motor or pyramidal tracts of either side disseminated acutely 
degenerated fibres may be recognised. This degeneration is, no 
doubt, part of the ““ general paralysis,” and is unconnected with 
the herpetic lesion. 

The sensory, so-called ascending or spinal root of the right 
side shows marked degenerative changes in its entire course. 
Described in detail these are as follows (plate 13) :— 

(a) Sections which catch the right trigeminal root just at its 
point of entry into the pons show disseminated degenerated fibres 
in all the bundles of the sensory root, but in the outer portion of 
the root two or three fasciculi are observed which are gravely 
affected and contain numerous rows of blackened fatty masses, 
indicating acute degeneration. These are probably the same 
bundles as were described as being partially acutely degenerated 
and partially sclerosed in transverse sections of the root between 
the pons and the ganglion. 

(b) Sections slightly more caudalwards show similar degenera- 
tion in the intrapontine part of the sensory root, obliquely cut as 
it courses upwards and inwards in the direction of the trigeminal 
nucleus. 

(c) The next sections show strands of degenerated fibres quite 
close up to the sensory trigeminal nucleus, and also among the 
cells of the nucleus a few degenerated fibres of small calibre can 
be seen running. The method is not adapted for the display of 
* changes in the nerve-cells themselves. The motor nucleus is 
clearly visible and there is no fibre degeneration in it. 

Without serial transverse or longitudinal sections it is 
impossible to see the exact relation of the degenerate sensory 
fibres to the sensory nucleus, but the majority of the fibres, at 
any rate, do not seem to come into connection with the nucleus, 
but appear to curve abruptly downwards and ventra! to it. 
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(d) In sections slightly below the level of the 5th nucleus the 
sensory root is seen forming up into a pear-shaped area with the 
thin end upwards. Scattered over the upper two-thirds of this 
area many degenerated fibres are seen, some cut transversely but 
the majority obliquely. In the lower one-third a few diseased 
fibres only are to be found. 

No degenerated fibreg are anywhere seen running beneath the 
floor of the 4th ventricle to cross to the opposite side. 

(e) Sections opposite the 6th nuclei are similar to the last. 

(f) In sections opposite the 7th and 8th roots the degenerated 
fibres in the right sensory root are all cut moré or less trans- 
versely ; they are scarce in the lower one-third of the field, 
moderately numerous in the upper third and most numerous at 
about its middle. 

The roots of the 7th and 8th nerves are intact. 

(g) Sections opposite the 9th and 10th roots show similar 
degeneration. 

(h) Opposite the great olive, where the root approaches the 
surface, it is to be noted that the degenerated fibres are not so 
numerous as they were above, and it is again to be observed thai 
the lower one-third of the field contains few diseased fibres. 

(i) Opposite the main decussation of the fillet degenerated 
fibres are seen scattered throughout that part of the 5th root 
which lies between the dorsal half of the substantia gelatinosa 
Rolandi and the surface adjoining the funiculus cuneatus, and 
degenerated fibres are seen running in the most dorsal part of the 
substantia gelatinosa. In the more ventrally situated part of the 
same field degenerated fibres are scarce. 

(J) Opposite the upper part of the pyramidal decussation, the 
distribution of degenerated fibres in the right 5th root is similar, 
but they are becoming markedly scarcer. Other degenerated 
fibres are seen in the innermost dorsal part of the base of the 
substantia gelatinosa, not far removed from the glosso-pharyngeal 
root. 

(k) Opposite the remainder of the pyramidal decussation and 
opposite the 1st cervical root the degeneration is indistinct, but 
at the base of the substantia gelatinosa, in its most dorsal part, is 
an obvious collection of small black dots, which is not represented 
on the opposite side. 

Below this level degeneration cannot be definitely traced. 

There remains to be mentioned that in all the above sections 
scattered degenerated fibres of large calibre were found throughout 
the pyramidal tracts of both sides; as already stated, this degener- 
ation is to be associated with the general paralysis which caused 
the patient’s death. 

Likewise in the posterior longitudinal bundles and lemnisei of 
both sides are a few degenerated fibres (about half a dozen). 
These may be ‘attributed to the same cause as the pyramidal 
degeneration. 

The sensory root of the 5th nerve of the left side examined 
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throughout shows nothing at all resembling the condition seen in 
the right root. 

No other cranial nerves issuing from or entering the pons or 
medulla show degeneration. 


Case 19.—William C., aged 43 (Rainhill Asylum). Admitted 
September 25, 1895. Died May 8, 1896. 





SuMMARY. 


On November 1,1895, an herpetic eruption appeared on the fore- 
head immediately above the right eyebrow (fig. 19). Death from 
general paralysis, May 8, 1896, 190 days after the appearance 
of the eruption. 

Microscopic Examination :— 

There seems to be a focus of disease in the ganglionic substance 
pertaining to the ophthalmic division of the right 5th nerve, but as 
there was a fault in the method of examination we prefer to with- 
hold any definite statement concerning this lesion. 

In the root of the right 5th nerve central to the ganglion and 
in that part of the root which we take to be a portion of the 
ophthalmic division, several small nerve-bundles are seen which are 
partially sclerosed, but in the roots of the nerves within the pons 
and medulla no difference between the two sides can be appreciated. 

There is no noteworthy alteration in the ophthalmic division of 
the nerve peripheral to the ganglion. 





Fie. 19. 
To show the distribution of the eruption in Case 19. 





History.—He was married and had had one child only, which 
was still-born. Syphilis was not denied. He was an egg mer- 
chant, and drink and failure in business were assigned as the 
causes of his insanity. 

On admission.—He was a weak and feeble general paralytic. 
Speech blurred and indistinct. He could walk, but was distinctly 
ataxic. Muscular and well nourished. No actual paralysis. 
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Knee-jerks absent. Pupils equal and did not react to light. No 
paralysis of the face. Tongue tremulous and somewhat wasted. - 
Circulatory and respiratory systems normal. Urine normal when 
collected by catheter. i 

Mentally he had grandiose delusions, was restless and resistive, 
and wet and dirty in his.habits. 

November 1, 1895.—He developed herpes of the forehead, 
which reached its full development two days later (fig. 19). The 
cornea remained unaffected throughout, and the disc and fundus 
were normal. , 

May 8, 1896.—He was seized with convulsioifs, from which 

‘he never recovered, dying 190 days after the first onset of the 
herpetic eruption. 


POST-MORTEM EXAMINATION. 


An examination of the head only was allowed; this was made 
seventeen hours after death. 

State of nutrition fair. A large patch of skin on the front and 
to the left side of the chin was white and cicatricial, and here there 
was no growth of beard; this was the result of a burn. On the 
forehead, immediately above the right eyebrow, was a small and 
indistinct patch of herpetic pigmentation. Had it not been known 
that the patient had previously suffered from herpes in that 
position, this would probably have escaped observation. ` 

Scalp and cranium normal. 

Weight of encephalon 1,255 grammes. Dura mater relaxed 
anteriorly ; no abnormal adhesions or thickening. Dural sinuses 
filled with’ black blood clot. Main arteries looked rather tough 
and white, but were not calcareous. 

Cerebro-spinal fluid of clear watery character, markedly in 
excess. No subdural membrane or blood. 

The arachnoid generally presented the blue milky opacity so 
commonly seen in general paralysis. 

The pia mater was considerably thickened, difficult to remove, 
and hyperemic; on stripping it decortication occurred in the frontal 
and parietal regions. 4 

The cerebral hemispheres were equal in size, and the individual 
segments showed a normal development; but there were indica- 
tions of general atrophy, most marked in the frontal region. The 
sulci were wide and shallow. 

The right hemisphere unstripped weighed 540 grammes, the 
left 542. 

Cortex dark, somewhat soft, hypersmie, thin, and indistinctly 
striated. 

No obvious change in white matter. General consistence 
rather soft. , 

The lateral ventricles were markedly dilated, and contained an 
excess of fluid. The ependyma over the basal nuclei was granular. 
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The basal nuclei were of dark colour and rather small. 

The cerebellum weighed 127 grammes. Cortex dark and thin. 
General consistence rather soft. ‚No lesions. 

Pons and medulla together weighed 29 grammes. Guay sub- 
stance dark in colour. Eipendyma of 4th” ventricle thick and 
granular. 

Pituitary body and cranial nerve-roots presented no maoro- 
scopie morbid change. 

The Gasserian ganglia and the portions of the three divisions 
of the 5th nerves, which were carefully extracted for, detailed 
examination, shewed no abnormality to the naked eye, 


Microscoric EXAMINATION. 


A microscopic examination was made of-—(a) the Gasserian 
ganglia of both sides, (b) the 5th roots of both sides, ©) ) the 
ophthalmic divisions of the Sth nerves of both sides, (d) the 
crus, pons varolii, medulla oblongata, and the upper part of the 
spinal cord. 


(a) Gasserian Ganglia. 


Method of exanunation.—Hach ganglion was divided trans- 
versely into two halves, and after staining by the method of 
Marchi, the distal portion was cut longitudinally and the central 
portion transversely. 

It might here be noted that this was one of the Saia cases 
of herpes which we had the opportunity of submitting to micro- 
scopic examination; and experience has since taught us that 
the method of examination that we adopted was a “faulty one. 
At that time our method aimed principally at the discovery of 
acute degeneration of nerve-fibres, and we were not alive to the 
importance of searching the ganglion mass closely for a local 
lesion, else the ganglion would not have been divided in the 
manner above described; for, as the description indicates, by so 
doing the lesion was probably obscured. 

Right ganglion.—Taking first the transverse sections. These 
show a portion of the ganglionic substance pertaining to the 
ophthalmie division of the nerve along with the roots of the 
superior and inferior maxillary branches and the motor root. In 
none of these is there any acute degeneration, but on the ventral 
side of the section, not far to the left of the motor root and in 
close apposition to the ganglionic substance of the ophthalmic 
division of the nerve, there is one small bundle which presents an 
unhealthy appearance; it is deprived of a certain number of 
fibres, it contains indefinite débris,’ and its blood-vessels are 
dilated. Furthermore, in other sections this bundle can be seen 
making in the direction of the ganglionic substance of the oph- 
thalmic division. 

Examining next the longitudinal sections, it is seen that those 
portions of the ganglion pertaining to the superior and inferior 
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maxillary branches look healthy; but in several sections a portion 
of the ganglionic substance into which the ophthalmic branch runs 
has the appearance of being diseased. At one spot there seems to 
be the remains of a hemorrhage, indicated by a collection of red 
blood corpuscles and a local destruction of nerve-cells ; but unfor- 
tunately this portion lies just at the margin of the line of section 
by which the ganglion was divided into two halves, and it is 
therefore impossible to say certainly that this represents a hemor- 
rhage. 

Left Gasserian ganglion.—The ganglion of the left side exhibits 
no change similar to that above described. r 


Fifth Nerve-roots. 


Right.—Stained by the method of Marchi. 

In the sections of the right root there are several small 
bundles which have a partially sclerosed aspect, but do not 
show acute degeneration; these are situated in that part of the 
root furthest removed from the motor root. 

Left.—Normal. 


Ophthalmic Branch of the 5th Nerve, 


Stained by the method of Marchi. 

From both right and left sides portions of the trunk before 
division, and portions of the frontal branch, showed no positive 
change. 


Crus Cerebri, Pons Varolii, Medulla Oblongata, and Spinal Cord. 


The crus, pons, and medulla were cut up transversely into 
thin slices and stained by the method of Marchi, and portions of 
the cervical cord were treated in the same way. 

The sections of the crus and those of the pons above the level 
of entry of the 5th nerves show that the cerebral root of the th 
nerve is normal; there is likewise no degeneration in any of the 
other of the nerve tracts found at these levels, excepting the pyra- 
midal tracts, and in these on either side acutely degenerated fibres of 
large calibre are disseminated. This degeneration is to be referred 
to the general paralysis from which the patient suffered, and it is 
visible not only here, but also in the sections from all the other 
levels examined. 

In the sections which show the 5th roots immediately after 
their entry into the pons, the appearances are disappointing and 
no pronounced degeneration is visible on either side. 

Similarly in the sections which display the course of the 
sensory root of the nerves, there is not sufficient change in the 
roots of the two sides to enable us to declare that the right is 
diseased and the left healthy. 

A certain number of fibres in the roots of the 8th nerves of 
both sides show what we take to be true degeneration, but the 
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corresponding nuclei are healthy, and the significance of the, 
change is doubtful. 

_In thé remainder of the medulla and in the upper part of the 
spinal cord there is no change referable to the herpes. 


Case 20.—John A., aged 88. Admitted to Claybury Asylum 
September 27, 1898. Died March 18, 1899. 





. SUMMARY. 


A case of dementia paralytica, who suffered from a slight attack 
of herpes zoster over the 10th dorsal area (fig. 20) 139 days before 
his death from broncho-pneumonia. 

No scars were seen on the body at death, and an examination 
of the nervous system failed to reveal any lesions corresponding in 
any way with the herpes zoster. . 





To show the distribution of the eruption in Case 20, 





He was so grossly demented on admission that no trustworthy 
history could be obtained. 

He was a fat, well-nourished general paralytic, with slow, 
slurred speech. Had delusions of grandeur and was rambling 
and incoherent in conversation. His pupils reacted to accommo- 
dation but not to light. Knee-jerks exaggerated. 

By the end of October he was wet and dirty, sitting all day 
by himself. His speech had become much more hesitating. 

On October 25 an eruption of herpes zoster appeared over 
the 10th dorsal area (fig. 20). In front the eruption was fairly 
profuse but behind was poorly marked. It was not a severe 
outburst. 
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‘By, February, .1899, ie was confined to bed: entirely, and he 
died on March 13 of hypostatic pneumonia, 139 days aier the 


appearance of herpes zoster. 


POST-MORTEM EXAMINATION. 


Twenty-four hours after death. ` The body had been kept in 
the cold chamber at a temperature just below freezing-point. i 
Post-mortem rigidity was not present. Nutrition of body fair. 
Brain.—In the subdural space in the left posterior and middle 
fossæ was a thin, organised, rusty membrane, the*earliest form of 
pachymeningitis hemorrhagica. The pia over the frontal and 
parietal lobes was markedly thickened and opaque: Over the 
temporal and occipital lobes some thickening was seen but it 
was less marked. Gelatinous exudation was present in the sub- i 


`- dural space. 


A 


The brain was moderately wasted, the right hemisphere’ 
weighing 563 grammes, the left 560 grammes. There was slight 
general wasting of the frontal and parietal convolutions. Strise 
of-the cortex invisible. Puncta vasculosa well marked. Both 
ventricles were slightly dilated, granular, and filled with clear 
fluid. 

The cerebellum was normal. 

The fourth ventricle was granular. 

Thorax.—The right lung was in an advanced stage of broncho- 
pneumonia throughout and presented many areas of collapse.. 
The upper lobe was in a more advanced stage of disease than 
the lower. The bronchi were full of semi- purulent mucus. 

The upper and lower lobes of the left lung were adherent to 
the chest wall by recent adhesions, and the posterior surface was. 
covered with a thin layer of organised lymph. The upper lobe 
was in an advanced condition of broncho-pneumonia. The lower 
lobe showed the same change in a less advanced form. 

The heart was normal except for slight thickening and 
puckering of the mitral valve. ` 

The aorta showed the first stage of atheroma. 

Abdomen.—Liver congested but otherwise normal. 

Kidneys normal. 

Spleen normal. 


MicroscoricaL EXAMINATION. 


(a) Posterior Root Ganglia. 


The 8th, 9th, 10th, 11th and 12th dorsal ganglia were hadani 
in 96 per cent. alcohol, embedded in parafin and eut in series.’ 
They were stained by Nissl’s methylene blue method and 
counterstained with safranin or eosin. g 

In no case could we find any gross abnormality in the capsule,, 
cells, or interstitial tissue of any.of these ganglia. 
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(b) Posterior Nerve-roois. 

The 9th, 10th, 11th and 12th posterior nerve-roots on both 
were hardened in Miiller’s fluid and stained by Marchi’s method. 
The stain succeeded admirably, but no root showed any degenera- 
tion. 

(c) Spinal Cord. , 

Every segment of the spinal cord was stained by Marchi’s 
method and by Schäfer’s modification of the Pal method (Marchi- 
Pal). 

The cord showed well-marked Marchi degeneration in both the 
direct and crossed pyramidal tracts on both sides. This acute 
degeneration appeared to be accompanied in the dorsal region by 
slight and doubtful sclerotic changes. 

The posterior columns and root zones were everywhere 
absolutely normal. 

(d) Cortex. 


Portions of the cortex from the ascending parietal and Broca’s 
convolutions on the right and left sides showed thickened 
membranes, dilated vessels and marked absence of the tangential 
fibres. 


Case 21.—William C.,aged 49. Admitted to Claybury Asylum 
November 26, 1895. Died March 14, 1897. 





SUMMARY. 


On admission showed marked dementia paralytica. Towards 
the end of the summer of 1896 he developed a crop of herpes zoster 
over the area in fig. 21. He died about eight months after the 
eruption. No change could be found corresponding to the herpetic 
eruption. 





f Fia. 21. 
To show the distribution of the eruption in Case 21. 
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No history of any importance could be obtained. 

On admission.—He was suffering from marked dementia, and 
his memory was much impaired. His speech was distinct but 
tremulous and was not slurred. There was considerable tremor 
of the lips and tongue. On the body were scars of tertiary 
syphilis. The pupils were equal and reacted normally. Knee- 
jerks normal. 

Progress. —He became more demented, and at some time 
towards the end of the summer of 1896 (date not noted in the 
case-books of the asylum) he developed herpes zoster over the area 
in fig. 21, taken from a photograph. This attack left a permanent 
sore on his back, owing to his filthy habits and to constant 
scratching. He died on March 14 from pneumonia, mainly 
affecting the base of the right lung. > 


POST-MORTEM EXAMINATION. 


Twenty hours after death. 

On the back, in the position representing part of the area 
affected -by the her petic eruption, is a purplish “patch of superficial 
ulceration. This patch lay over the posterior portion of the 
eleventh rib and the last intercostal space, and extended as far 
forwards as the anterior axillary fold. 

He was well nourished and post-mortem rigidity was well 
marked. 

The right pleura ‘was thickened and adherent from recent 
pleurisy over the lower lobes. The whole of the lower lobe of the 
right lung was solid, and presented the appearance of gray hepa- 
tisation. The upper lobe was cedematous and congested. 

The left pleura was normal. The left lung was somewhat 
oadematous and congested, but otherwise normal. 

_ Heart normal. 

Aorta, somewhat atheromatous. 

Liver pale, fatty, and somewhat soft. 

Kidneys normal. 

Spleen soft and flabby. 

, The-brain weighed 50 ozs. (1,415 grammes). Both gray and 
white matter appeared normal; the ventricles were not granular, 
and the pia-arachnoid was not thickened or adherent and stripped 
well. 


MicroscoPricaL EXAMINATION. 


The following parts were examined—(a) a series of posterior 
root ganglia, (b) a series of spinal nerve roots, (c) certain peri- 
.pheral nerves, (d) the spinal cord. 


(a) Posterior Root Ganglia. 


The 8th, 9th and 10th dorsal ganglia were hardened in 
Miiller’s fluid and stained by Marchi’s osmic acid method, by 
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Weigert and Weigert-Pal with hematoxylin, and Pal counter- 
stained with eosin. 

In no case could any change be discovered in the vessels or 
capsule. The method of hardening precluded the use of Nissl’s 
method of cell staining, but the remaining methods showed no 
loss of cells in any ganglion. 


(b) Posterior Nerve-roots. 


The posterior nerve-roots of the 8th, 9th and 10th dorsal on 
both sides werg examined by Marchi and the Marchi-Pal methods, 
and no change could be detected, either recent or remote. 


(c) Peripheral Nerves. 


The peripheral nerves emerging from the 8th, 9th and 10th 
dorsal ganglia on both the right and left sides were stained by 
Schäfer’s modification (Marchi-Pal), by Marchi, and by Pal’s 
method. 

In no case was any profound change seen, except that perhaps 
the nerve from the 8th dorsal ganglion on the right side contained 
fewer fibres than that from the lefs ganglion on the same level. 


(d) Spinal Cord. 


From the level of the lith to that of the 6th dorsal every 
segment was cut and stained by the (1) Marchi, (2) Weigert, and 
(3) Weigert-Pal methods. 

In no case was there any sclerosis or acute degeneration in the 
posterior columns or root zones. The cord was otherwise normal. 
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DESCRIPTION OF PLATES. 


PLATE 1. 


Fic. 1.—From a coloured drawing of a longitudinal section of the 7th 
dorsal ganglion of the right side in a case that died eight days after the out- 
burst of the eruption (Case 2). This section is stained with hematoxylin and 
eosin. 

Fic. 2a.—From a coloured drawing of the Tth dorsal ganglion of the 
normal (left) side in Case 9. Death occurred 153 days after the outburst of the 
eruption. Stained by Marchi’s method, and counterstained by van Gieson’s 
picro- hematoxylin method. 

Fig. 23.—The 7th dorsal ganglion of the abnormal (ight) side in. the same 
case, stained by the same methods. 


PLATE 2. 


Fic. 1.—Drawing from a portion of the 4th dorsal ganglion of the right 
side in Case 14. This ganglion was invaded by lympho-sarcomatous growth. 

Fic. 2.—Photomicrograph of a portion of the same ganglion under a 
higher power. 


PLATE 3. 


Fic. 1.—A low-power photograph of the 11th dorsal ganglion of the left 
side in Case 5. The more darkly-stained areas are foci of small round cells. 

Fic. 2.—A photograph under a higher power of the inflammatory focus 
surrounded by a white ring in fig. 1. 


PLATE 4, 


Fic. 1.—Photograph of one of the inflammatory foci in the’ 8rd cervical 
ganglion. of the left side in Case 16. 
Fic, 2.—Photograph under the same power of a portion of the 8rd cervical 
ganglion of the right side in the same case. Both ganglia were cut in the 
‚same block, fixed on the same slide, and stained together by Nissl’s method. 


PLATE 5. 
Case 6. 


Three drawings of transverse sections of the 3rd cervical ganglia of both 
sides in a case in which the herpetic eruption was distributed over the 3rd 
cervical area, of the left side. 

The three right-hand figures are from the normal ganglion, those on the 
left from the diseased one; in the latter the pale area at the lower end of 
each section indicates the lesion. This area was composed almost entirely of 
fibro-cellular tissue, and contained no nerve-cells and no nerve-fibres. 

The sections were all stained with osmic acid and hematoxylin for the dis- 
play of nerve-fibres, and healthy fibres are indicated by black dots, the small 
circles representing nerve-cells. 

Fic. 1 is taken from that end nearest the posterior root. 

Fie. 2 from the centre of the ganglion. 

Fig. 3 near to the peripheral nerve. 

Abbé drawing apparatus Y. 


PLATE 6, 
Fras. la and iB are from Case 10, and are drawn from transverse sections 
of the right and left 4th cervical ganglia, stained with logwood only. 
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In fig. 1B an extensive pallid area, almost entirely bereft of nerve-cells and 
nerve-fibres, is seen at the top of the drawing. This is the lesion. Fig. 1a 
shows the normal left ganglion for comparison, Both sections come from 
about the middle of the ganglion. 

Abbé drawing apparatus 25. 

Fig. 2 is from Case 13, and is a drawing of ‘the 6th dorsal ganglion of 
the right side. This section came from about the middle of the ganglion, 
and the lesion is seen lying to the right of the field. It is recognisable as 
a pallid area in which no nerve.cells or nerve-fibres are present, and over 
which the ganglionic sheath is thickened. The section was stained with 
osmic acid and iron alum for the display of healthy nerve-fibres, and such 
fibres are shown in the drawing as black dots or lines. The herpes occurred 
780. days before dgath. The arrow points in the direction of the anterior 
root, 

Abbé drawing apparatus °P. 


PLATE T. 
Case T. 


Four drawings, made with an Edinger apparatus, of Marchi-stained longitu- 
dinal sections of the And dorsal posterior root ganglion of the left side, with 
annexed roots and peripheral nerve, 

The first drawing illustrates a section made rather to one side of the gan- 
glion, and shows complete destruction of the ganglionic substance (indicated 
by cross-hatching), The anterior root, which is normal, lies in the upper part 
of the field; on the right the roots pierce the dura spinalis, and the peripheral 
nerve is to the left, and shows signs of sclerosis (under a high power it also 
shows remains of degeneration). 

In fig. 2, which illustrates a section more towards the centre of the gan- 
glion, a field oceupied by healthy nerve-fibres and nerve-cells is appearing in 
the distal segment of the ganglion. 

In fig. 3 the destructive lesion is disappearing, three small foci of disease 
alone remaining. 

Iu fig. 4, which is drawn from a section towards the edge of the ganglion 
opposite to that shown in fig. 1, the body of the ganglion appears to be 
normal. 


PLATE 8. 


The two upper figures are from Case 8, and are Edinger drawings of longi- 
tudinal sections of the 12th dorsal ganglion of the right side, stained by the 
method of Marchi. A typical focal lesion is seen in the upper part of the 
ganglionic field. Death occurred 103 days after the eruption first appeared. 

The two lower figures are from Case 4, and show the appearances seen in 
longitudinal sections of the 12th dorsal ganglion of the left side, stained by 
the method of van Gieson (hematoxylin and picro-fuchsin). The blurred 
area in the upper. portion of the field represents the position and extent of 
the ganglionic lesion. Note the hemorrhage in the centre of the peripheral 
nerve in the third figure. The herpetic eruption occurred only thirteen days 
before death. 


PLATE 9. 

Case 18. 

Photographs of right and left Gasserian ganglia. These photographs are 
explained by the underlying skeleton plan. 


\ 


Prate 10. 


Fre. 1.-- Twelve drawings showing the degeneration found in Case 7; it 
entered at dorsal 2 and was traced up to cervical 1. In dorsal 3 and 4 a few 
degenerated descending collaterals are indicated. 


u 
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Fie. 2.—Six drawings illustrating the degeneration which occurred in 
Case 6; it entered at cervical 8 and was traced well up into the medulla, 
terminating in the nucleus cuneatus. 


Puate 11. 


Fia. 1.—A series of six drawings to show the degeneration in Case 5. The 
degenerated fibres enter at the level of the 11th dorsal root and can be traced 
up to the level of the 6th dorsal. - 

Fie. 2.—A series of six drawings to show the degeneration in Case 3. The 
degenerated fibres enter at the level of the 6th dorsal root and can be traced 
to the level of the 8rd dorsal. A few descending collaterals are seen at the 
level of entry of the 7th dorsal root. — 

Fig. 3.—A series of six drawings to show the degeneration in Case 9. The 
degenerated fibres enter at the level of the 7th dorsal root and can be traced 
as high as the level of the 2nd dorsal. Descending collaterals can be seen at 
the level of the 8th dorsal root. 

These drawings were made with the Edinger apparatus. 


Prate 12. 


Outline drawings, made with an Edinger drawing apparatus, showing 
the degeneration displayed by the method of Marchi in the spinal cords of 
Cases 4, 8, and 17. ` 

Fie. 1.—Six drawings from Case 4, in which the herpetic eruption was 
distributed over the 12th dorsal area of the left side, and the distribution of 
the degeneration which occurred in the corresponding posterior spinal root 
fibres, is represented. . 

Fie. 2.—Six drawings from Case 8, where the eruption also lay over the 
12th dorsal area, but affected the opposite side. The degeneration in the 
pyramidal tracts represented in these drawings was the result of cerebral 
softening of thrombotic origin, 

Fie. 3, —Six drawings from Case 17, in which the eruption was distributed 
over the 8th dorsal area of the left side and degenerated fibres enter in the 
corresponding posterior spinal nerve-root. This patient was a tabetic general 
paralytic, and the shaded area in the posterior columns indicate the site 
where tabetic sclerosis existed, while in the pyramidal tracts the acute 
degeneration commonly found in cases of general paralysis is represented, 


D 


PLATE 18. 


Case 18. 


Drawings to show the distribution of the degeneration in the sensory root 
of the right 5th cranial nerve, as brought out by the method of Marchi in a 
case in which the herpetic eruption was distributed over the area supplied by 
the inframaxillary division of that nerve, 

Fic. 1 shows the entire root at its point of entry into the pons, and collec- 
tions of blackened degenerated fibres are clearly visible in the outermost 
bundles of the sensory root. The motor root is cut obliquely and is shown 
lying just internal to the sensory root. 

Fre. 2.—A degenerated portion of the sensory root just after entering the 

ons. 
R Fie. 3.—The sensory root in the first part of its downward course— 
diseased fibres cut rather obliquely. The fibres on the right are transverse 
pontine ones. The arrow points in the direction of the 4th ventricle. 

Fig. 4.— At the level of the issuing 7th root, which is represented to the 
left (internal) of the 5th root. Note that there is comparatively little 
degeneration in the lower portion of the field. 

. Ete. 5.—At the level of the 8th nucleus, Between the root and the 
surface lie the external arcuate fibres, and on the left side internal arcuate 
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fibres enter and split up the root. Degeneration is still visible, and, as in 
the last figure, it principally occupies the upper two-thirds of the field. 

Fia. 6.—At the level of the 1st cervical root the degenerated 5th root lies 
just below the surface external and dorsal to the substantia gelatinosa 
Rolandi, into the dorsal portion of which degenerated fibres stream. 

Abbé drawing apparatus 2. 


PLATE 14. 


Fia 1.—A photograph of æ transverse section of the spinal cord of Case 9 
at the levél of entry of the degencrated fibres. Low power. 

Fria. 2.—A photograph under a higher power of a transverse section of the 
spinal cord in Case 3, at the level of entry of the degenerated fibres. The 
lower part of thi® figure is towards the posterior surface of the cord; the 
lighter portion towards the left of the figure represents the posterior horn of 
the affected side, ; 


Prats 15. 
. Two Photographs of Longitudinal Sections of the Spinal Cord from Case 6. 


' Fre. 1.—A low-power view showing the disposition of degenerated posterior 
root fibres immediately after entering the cord. The periphery is on the left. 
The section is longitudinal and parallel with the posterior horn. °P. 

Fire. 2.—A longitudinal section of the same fibres after entering the cord. 
The figure gives a good idea of the degree and extent of the degeneration to 
be found in the cord in typical cases of zoster, 32°. 


Prate 16. 


Fig. 1. Case 4.—A photomicrograph of some teased fibres of the 12th 
dorsal posterior root of the left side, stained by the method of Marchi. ‘The 
two upper fibres clearly show acute degenerative changes. x 52° 

Fie. 2. Case 6.—A transverse section of the 3rd cervical anterior and 
posterior roots central to the ganglion, at the point where they pierce the 
dura. In the left-hand portiun of the sensory root, which lies above and to 
the left, some sclerosed unstained bundles are to be recognised; these indi- 
cate the remains of herpetic degeneration. Healthy bundles are stained 
black. Method of Schäfer x +49. 

Fig. 3. Case 13.—Drawing of a transverse section of the affected peri- 
pheral nerve 1 cm. distal to the ganglion, made with an Abbé drawing 
apparatus from a formol-hardened osmic acid stained preparation, To the 
right a bundle is seen which to a large extent is deprived of nerve-fibres, and 
three other bundles are not quite healthy. 

Fias. 4 anp 5. Case 13.—Drawings of the above nerve more highly mag- 
nified. Fig. 4 is a portion of the healthy bundle lying to the left. Fig. 5 is 
a portion of the sclerosed bundle lying to the right. 


A NOTE ON THE STAINING OF BRAIN IN A 
MIXTURE OF METHYLENE BLUE AND PER- 
OXIDE OF HYDROGEN—A VITAL REACTION 
IN POST-MORTEM TISSUE. ° 


BY JOHN TURNER, M.B.ABER. 


THE oxygen of the air has such a marked effect on brains 
stained by Ehrlich’s intra-vitam method, that it occurred to 
me to try a mixture of methylene blue and peroxide of 
hydrogen on post-mortem tissues. 

The result obtained was encouraging, for to a certain 
extent the tissues so treated took on a “vital” staining 
reaction and one no longer got the usual effect of methylene- 
blue, there being no appearance of Nissl-bodies in the cells, 
and the finest ramifications of certain nerve-cell processes 
were displayed with great distinctness. 


METHOD. 


The following is an account of the method I now use, 
and by which good results are generally got. 

Small pieces of the cortex and subjacent white matter, 
not more than one-eighth of an inch thick, are placed direct 
into a mixture of six parts 1 per cent. solution of methy- 
lene blue (patent B.X.) and one part peroxide of hydrogen 
solution. 

The blue solution must be old; at any rate, I have not 
succeeded yet in getting results with a freshly-made solution. 
It is not polychrome, although kept exposed to light and air 
in a wide-mouthed unstoppered bottle for a year.) 

' This is the time that the solution I have been using was kept; but some 
made up only two to three weeks ago, and well serated and exposed to 
sunlight, begins to give the reaction. I have also got good results from a 


solution made only a few months, and which had been used for staining 
in toto pieces of alcohol-hardened brain. 
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Very good results are obtained in the case of bodies 
twenty-four hours dead, and I do not think that material 
got quite shortly after death stains any better than that 
which has been dead many hours. : 

When the piece of brain is placed in the staining mixture 
a brisk evolution of gas takes place, which sometimes blows 
the stopper of the bottle out unless it is tied in. 

After eleven days the pieces are taken out of the methy- 
lene blue miture and put into 10 per cent. solution of 
molybdate of ammonia and left all day and night, then 
washed during the following day under a running tap till 
the evening, when they are placed in absolute alcohol and 
kept cool by running water. After a few hours the alcohol 
must be replaced by fresh. The pieces are left in spirit all 
night, and the next morning put into xylol for one hour, and 
then into fresh xylol for another hour, and then into paraffin 
for two hours, and thick sections cut. These are placed on 
xylol on the slide and ,ll the, paraffin washed out, and then 
decolourised for a few seconas in a mixture of equal parts of 
creosote and aniline oil, washed again on the slide in xylol, 
and mounted in Canada balsam, and the cover-glass very 
carefully pressed down to flatten out the section. 

The staining appears to be permanent, for sections pre- 
pared two years ago show no deterioration. 

In all cases the reaction is patchy, parts only of the 
section showing it, and these parts appear paler and gene- 
rally have a faint pink tinge. I have never yet succeeded in 
getting the first layer of the cortex to take on the reaction. 


APPEARANCES. 


Cerebral cortex.—In the successful parts the ground sub- 
stance is hardly coloured, the pyratnidal cells (and probably 
the giant-cells when healthy) show no signs of any chromo- 
philic substance, the cytoplasm of the cell (as by tntra-vitam 
staining) is a pale, uniform blue, and the apex and dendrites 
in the vicinity of the cell-body are similarly coloured, but in 
some cases at a little distance they both stain densely. The 
nucleus in these cells appears very prominent and plump ; it 
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. is strongly outlined and filled with dark granules, so that it 
is by far the darkest part of the cell. The nucleolus is often 
obscured; when visible it is pale and ill-defined in healthy 
cells (see figs. 4 and 5). 

Around these cells, and extending along the apex and 
dendrites, are seen a number of fine beaded fibrils, arranged: 
as a network all over the cell-body and its processes (see 
figs., 1 to 5). The branches of this network appear to be’ 
given off from the beads, and not from intêrmediate por- 
tions of the fibres (fig. 0). - 

This appearance was fully desorbed by Drs. W. A. 
Turner and W. Hunter, as seen after intra-vitam staining 
of animals’ brains.! l ; 

It has never hitherto, as far as I know, been demon- 
strated in the human brain. 

The beaded fibrils can be seen, arriving at the nerve-cells 
from different places; some pass on to the apex here and 
there ‘along its course, coming from the adjacent matrix, 
others similarly to the dendrites, and the fibrils from these 
different sources appear to anastomose into a continuous net- 
work which, as before said, envelopes both the cell-body and 
its extensions. 

I have been able to follow this arrangement for a con- 
siderable distance over the apex and along ‘outstanding 
dendrites (fig. B). 

Besides the above-described pale cells, others (see fig. 5) 
are seen, relatively few in number, which stain very darkly 
indeed, both the body of ‘the cell and its processes to their 
furthest ramifications. 

These cells are generally small and pear-shaped or multi- 
angular, and they occur in all but the first layer of the 
cortex. 

Although my tissues were from diseased subjects, yet, as 
these cells occur in all of them, and as they are mentioned 
by W. A. Turner and W. Hunter as seen in the animals 
they experimented on, they may with considerable certainty 
be taken as representing a normal type of cell. 


. 1&4 Form’ of Nerve Termination,” by Drs. W. A. Turner amd w. Hunter, 
Brain, Spring Number, 1899. 
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Now. the processes of these cells, which can often be 
followed for 200 or more u, are at first shaggy in outline, 
and as they get smaller they present little varicose swellings 
along their course, and eventually in their finest divisions they 
appear identical to the beaded fibrils which form the net- 
work about the pale pyramidal cells. In some cases, where 
a dark and a pyramidal pale cell have been favourably: 
situated in the section, I believe I could directly trace the 
beaded dendrite into the beaded network, but’ as the fibrils 
we are dealing with are so excessively fine, it is impossible 
even with a one-twelfth oil immersion to be certain on this 
point (fig. A). 

Drs. W. A. Turner and W. Hunter derive this beaded 
network from the terminal branching of collaterals given off 
from the axons of other ceils, end not from dendrites as 
above described. 

In my preparations the axis cylinders, as seen-in the 
white matter adjacent to the cortex and where they course up 
through the lower part of the cortex, always appear smooth 
in contour and very pale. This to a certain extent corrobo- 
rates the supposition that the darkly-stained fibrils of the 
network comes from the similarly darkly-stained dendrites 
of the small darkly-stained cells. But as we have seen that 
sometimes the processes of pale pyramidal cells take on a 
dark stain at a certain distance from their parent cell, it is 
quite possible that the collaterals also may stain deeply 
although the axis cylinder stains lightly. Apart from this,’ 
however, I think that the similarity of the fine branches of 
undoubted dendrites with the fibrils forming the beaded 
‘network, is a very strong point in favour of the supposition 
that the latter is an extension of the former. 

Given off from the sides of the shaggy dendrites of the 
dark cells are very fine lateral processes which may end in a 
bead, or may have more than one in its course; possibly 
these represent the thorns and gemmules of silver prepara- 
tions (figs. 6 and D). 

Cerebellar cortez.—So far I have done very little with: 
this part, but the sections from a fairly successful specimen 
showed a number of smoothly contoured wavy fibres running. 
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_ parallel to the plane of the section (which was from a piece 
of tissue cut in a sagittal direction from the cerebellum) in 
the lower fourth of the molecular layer., : 
- Among these fibres could be seen an occasional small 
(12 u) darkly-stained pear-shaped cell, from which processes 
- which appeared identical to the above-mentioned fibres were | 
given off from either end. : 
These fibres give off right-angle branches- at intervals . 
running towards the granular layer. - . ' 
Similar fibres course along the branches of the Purkinje 
cells and pass over the cell body in a longitudinal direction, 
forming a basketwork around it, and this basketwork öften 
appears to end in a dense cluster a little distance beneath 
the cell, exactly as described and illustrated by Dr. Alexander 
Hill? Ihave not noticed any anastomosing branches between 
the fibres around the Purkinje cells, and they show no signs 
of beads. Perhaps they are not nerve but neuroglia fibres ? 
Although the method here described is capricious and 
uncertain in‘ its action, yet it shows the possibility of 'stain- 
ing in post-mortem tissue delicate structures which have 
hitherto only been revealed by methods inapplicable to 
human subjects. : 
We may, I think, reasonably expect that with further 
experience, and when we know more about the conditions 
on which the staining depends, to get more certain results. 
Even in its present imperfect state it may enable us to 
further unravel the very complicated inter-communications 
which exist between nerve-cells, and possibly it may prove 
of service in studying the pathology of the nervous system. 


ADDENDA. 


No. 1.—It is advisable to take out the stopper of the 
bottle containing the staining mixture and the piece of 
brain occasionally to let out the gas evolved, and to shake 
up the solution from time to time. 

No. 2.—Further trials make it probable that the reaction 
depends to a large extent on the length of time the tissue 
is left in the staining fluid. 

' Bram, 1896, xix., pp. 22-25, fig. 6. 
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PLATE 17. 


An attempt to represent on one diagram the areas oceupied bythe eruption * 
of herpes zoster. Of the areas here represented the following have been con- 
_firmed by microscopical examination :— 


G Cervical 3. —(Case 6 and Case 17.) 
Cervical 4.—(Case 10.) 
Dorsal 2.—(Case 7.) 
Dorsal 4,.~(Case 11 and Case 14.) 
Dorsal 6.—(Case 3 and Case 18.) 
Dorsal 7.—(Case 2 and Case 9.) 
Dorsal 8.—(Case 16.) 
Dorsal 11..—(Case 5.) 
Dorsal 12.—(Case 4, Case 8 and Case 12.) 
Lumbar 1.—(Case 1.) 


Thus we consider that the areas on the neck and trunk are more likely 
to be correctly mapped out than those on the limbs, Moreover, the difficulty > 
in determining the distribution of these areas on the limbs is heightened by 
the rarity of zoster on the extremities (vide p. 394), 
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I have got a reaction in pieces of brain left eleven days, 
whereas in other pieces of the same brain left only four 
days no result was obtained. . 

Methylene blue solutions are preservatives of brain, so 
that no decomposition takes place even after weeks. in the 
solution. _ 

_ No. 3.—Since the’above account was written I have 
observed beaded fibrils quite similar to those seen around 
the cerebral ¢ells forming a network around the Purkinje 
cells of the cerebellum. 


DESCRIPTION OF FIGURES. 


No. 1.—A giant-nerve cell, the body of which is out of focus, showing the 
beaded network surrounding it. x 600. 


No. 2.—Three pyramidal cells; in the uppermost the beaded network is 
seen over the apex and all round the cell body, The beads are also clearly 
visible along the sides of the other two cells. x 600. 


No. 3.—A giant-nerve cell, out of focus, showing portions of beaded net- 
work upon it. x 600. 


No. 4.—A pyramidal cell with pale uniform cytoplasm, dark nucleus, and 
pale irregularly-outlined nucleolus. Beads are seen on the cell-body and 
apex, but the connecting fibrils are not visible in the photograph, although 
seen in the section from which it is taken. x 600, 


No. 5.—Small darkly-stained cell with processes of irregular contour, 
also a pale pyramidal cell with dark nucleus. The beaded network is shown 
at the edges of this cell and over its dendrites. x 600. 


No. 6.—A delicate darkly-stained nerve-fibril with Inter projections and 
beads. x 1,200. 


Note.-—No two of the figures of nerve-cells are from the same case. 

A shows a darkly stained cell with a shaggy dendrite passing to, and 
apparently breaking up into beaded fibrils around a pale cell. 

B.—Apex of a pale cell with beaded fibrils about it. 


C.-—Beaded network over a pale cell (the cell is not figured), The nutrient 
vessel of the cell is seen. 


D.—Two fine fibrils with fine lateral beaded processes. 
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REPORT ON A SUBDURAL BLOOD CYST. 


BY J. O. WAKELIN BARRATT, M.D., B.SC.LOND., F.R.C.S.ENG. 
Pathologist to the West Riding Asylum, Wakoégield. 


THE condition about to be described is of great patho- 
logical interest, being occasionally and, on the whole, rarely 
. met with in asylums, and still more rarely in workhouse 
infirmaries and hospitals. 


CLINICAL HISTORY. 


Patient was,a male, 57-years of age, whose mental condition 
(dementia) was stated to have been developing during the pre- 
. vious two. years. On admission, he was found to be extremely 
_ demented and very restless, and could only with difficulty be 
induced to reply to questions. If pressed to answer he would 
commence to groan and become emotional. He showed great 
lack of intelligence, but was able to feed himself. He was feeble, 
emaciated, and anemic. Tongue not tremulous. Pupils equal. 
Knee-jerks present. Some incontinence of urine. The area of 
superficial cardiac dulness was enlarged, a systolic bruit was 
“present at the heart’s apex, and the arteries were thickened. 
Breath sounds faint. Urine pale, acid; specific gravity, 1015 ; 
contained albumen. 

The patient, after admission, continued restless and feeble- 
minded. At the end of a week it is noted that he appeared to. 
have had a slight stroke, affecting the left side. There was much 
rigidity about the shoulders, but he was able to move his arms. 
Head and eyes turned to the right. Constant dribbling of urine. 
Mentally there was complete dementia. 

Four days later it was noted that the hemiplegic symptoms 
had passed off, but the mental condition remained unchanged. 

At the end of another week it was observed that there was a 

` good deal of rigidity about the left arm, especially at the shoulder. 
Nothing could be got out of him; he lay in bed, groaning at times, 
but taking nourishment fairly. He continued in this condition 
until his death occurred, twenty-two days after the left-sided 
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weakness had been noted. Shortly before death some räles were 
observed at the-bases of the lungs posteriorly. : 
Patient’s occupation was that of a driller. 
There were no epileptiform attacks, nor any anasarca or 
ascites during patient’s stay in the asylum. 


The above is an abstract of the case-book notes (for which 
I am indebted to Dr. C. AW. Ensor). The following addi- 
tional information was subsequently obtained from the 
patient’ 8 wife. ~ 


Patient’s father died at 62 "Years of age,.of dropsy; he had 
“fits” lasting two or thiee weeks at 50 yeats of age, but not 
subsequently. Patient’s mother died at 42 years of age, of some 
lung trouble. Patient had no brothers, but two sisters, both 
dead, one of typhoid and another of an illness attributed to a 
bad smell from a drain. No other near relatives. No consump- 
tion or gout in family. i 

Patient was a quiet man, employed all bis life as a mechanic 
at a locomotive engine works. He was a steady worker. He 
drank little, on the average not more than two glasses of beer a 
week. Did not take spirits. Was averse to drink, which made 
him excited, because it caused him to suffer subsequently from 
bad headaches. Did not smoke much. Never had any fever 
nor sunstroke (except the illness occurring thirteen years ago, 
described below, is of this nature). ' No injury to the head, no 
exposure to lead, no winter cough, never suffered from squint or 
weakness of a limb, Never had any fits. Was ruptured at 16 
years of age, and always wore a truss. 

Patient was married at 26 years of age. His wife had three 
miscarriages after marriage ; the first at about four months’ preg- 
‘nancy, the second and third at about six months’; she did not 
subsequently become pregnant. The wife’s health has always 
been good. Three weeks after marriage patient was troubled 
with a sore throat; he had much pain, and remained in bed four 
or five days, but there was no hoarseness, or loss of voice, 

-Patient was subject to headaches all his life. 

Twenty-four years ago patient had an illness lasting says 
weeks, the nature of which is not clear; complete recovery 
oceurred. Thirteen years ago had another attack of illness of 
doubtful nature, not apparently severe, from which he recovered 
at the end of two or three months. During this illness the left 
shoulder was the seat of much pain. u 
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Another attack of influenza occurred six years ago. Patient 
was ill seven weeks. Complete recovery occurred. 

Three years and ten months ago patient had a second attack 
of influenza. He remained in bed for eight weeks. He had 
much pain in the back, particularly in the lumbar and sacral 
regions. When he left his bed he was unable to move about 
much. He tried to work, but was unable to do so, because of the 
pain in his back. He used to get excited and lose his temper, 
and would follow his wife about like a child. About this time he 
used to have cramp in the calf-muscles; and be suffered from 
sore throat, which left him hard of hearing. A change oceurred 
in his disposition. He became emotional, would strike his wife 
without any cause, and exhibited suddenly, according to his wife’s 
account, difficulty of speech, that is to say, he tried to speak, but 
could not. Patient, when this occurred, became quite prostrate ; 
next day he was restless, getting in and out of bed, and he 
exhibited much mental defect, being unaware of the time of day 
and not knowing what was going on around him. He passed his 
urine and fæces into the bed. 

Patient was removed into the workhouse infirmary three 
months after the commencement of the second attack of influenza. 
Here, according to the statement of his wife, who visited him 
regularly, his condition got on the whole steadily worse, though 
at times some improvement occurred, followed by a change for the 
worse. At first he appeared to gain flesh, but this may have 
been merely-apparent, for his face became puffed up, and the 
abdomen swollen, both of which his wife attributed to ‘‘ dropsy.” 
Most of this time he was in bed, but sometimes he walked a little 
about the ward, the last occasion being about two months before 
admission to the asylum. When he moved about the ward his 
wife did not notice any weakness of the limbs on one side of the 
body, nor did she at any time notice any disorder of gait. During 
his stay in the workhouse infirmary patient was never able to 
recognise his wife. 


POST-MORTEM EXAMINATION. 


Some diffculty was experienced in removing the skull- 
cap, which was thin but dense, owing to the existence of 
adhesions on the part of the dura mater. This membrane, 
which was not thickened, exhibited on its inner surface a 
thin yellowish-brown pellicle at the base and on the left side 
over the vertex, while on the right side a large moderately 
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firm flattened sac of a dark reddish-brown colour lay in the 
‘subdural space over the cerebral hemisphere, which was 
considerably flattened (figs. 1 and 2). This sac was about 
14 centimetres long by about 10 centimetres broad, and 
had a maximum thickness of 24 centimetres. At the edges 
it thinned off and became continuous with the rusty pellicle 
already referred to. Its contents consisted partly of a friable, 
brownish-black, soft solid material, and were in part made 
up of a dark-beown fluid not draining away readily when the 
sac was incised. The wall of the sac was firm’ and of a 
erayish-brown colour; it was rather firmly adherent both to 
the dura and to the pia arachnoid, so that some difficulty 
was experienced in separating it from these membranes. 
The thin rusty pellicle, on the other hand, was closely 
adherent only to the inner surface of the dura mater. 

The falx cerebri was considerably displaced to the left 
(figs. 1 and 2). This displacement, which was striking in 
its aspect both when viewed from above (fig. 1) and in 
frontal section (fig. 2), was most marked opposite the middle 
of the vertex, where also the sac was thickest. The pia 
arachnoid was slightly thickened and opaque, chiefly over 
the vertex. The subarachnoid space contained clear yel- 
lowish fluid, and the sulci lying between the cerebral convo- 
lutions were widened. The gyri were wasted. 

On making a frontal section of the cerebrum and the 
subdural formation after hardening (fig. 2), additional in- 
formation concerning the formation of both was obtained. 
The wall of the subdural sac was well defined and sharply 
limited from its solid and semifluid contents. Its general 
thickness, which was fairly uniform, was about 1 millimetre. 
At the angle of junction of its outer and inner surfaces, how- 
ever, it was much thicker, as is seen in the second figure. 
The contents, after hardening, were in part solid, exhibiting 
an imperfectly stratified arrangement and very friable, and 
in part consisted of fluid containing solid particles freely 
suspended. On the surface of the sac turned towards the 
hemisphere sinuous grooves were seen which corresponded 
to the large veins observed on the surface of the brain. 
Along these grooves, which were well seen before, as well as 
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after, hardening, the surface of the sac was whitish in 
aspect. z > 

The cerebrum was displaced to the left by the subdural 
cyst, both hemispheres being alike affected, and the struc- 
tures, which are normally mesial in position, lay to the left 
of the middle line (fig. 2). The alteration in form was 
greatest on the right side, where the hemisphere was con- 
siderably flattened on its upper and outer aspect. The 
island of Reil was especially distorted on this side. The 
basal ganglia and the third and lateral ventricles were also 
markedly and unequally distorted. The corpus callosum is 
shown in the section to be displaced to the left. 

The ventricles, like the subarachnoid space already de- 
scribed, were somewhat dilated, the distension, however, not 
being considerable (fig. 2). Thus, in addition to the presence 
of a large sac in the subdural space and the corresponding 
amount of brain atrophy which this causes, there is an 
additional degree of atrophy revealed by the excess of fluid 
in the ventricles and subarachnoid space. It is not, however, 
possible from the pathological appearances to determine how 
far the loss of brain substance is to be regarded as due to 
the presence of the subdural sac and how far it is to be 
viewed as part of the change in the brain so frequently 
found in senile dementia. 

No focal lesions were found in the encephalon. The 
cerebellum was adherent to the dura mater, covering the 
posterior fossa on the left side. The spinal cord presented 
no naked-eye change. 

The weight of the entire brain was 1,040 grammes; the 
cerebellum weighed 110 grammes; the pons and medulla 
15 grammes ; and the subdural sac 115 grammes. _ 

The arteries at the base of the brain were healthy, as 
were also the venous sinuses. 

The lungs were congested and cedematous at both bases. 
The mitral and tricuspid valves of the heart were thickened. 
Tle heart-muscle was firm. There was commencing athe- 
roma at the root of the aorta. The kidneys showed some 
. degree of chronic interstitial nephritis. The remaining 
viscera showed no gross change. 
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Inguinal hernia was present on the right side. There 
was marked phimosis. There was no distinct scar on the 
penis, nor any punched-out scars on the body, nor any 
thickening of the ribs or of the long bones of the limbs. . 

The body was much emaciated. 


MICROSCOPICAL EXAMINATION. 


. A section of the wall of the sac shows it to consist of 
fairly dense eonnective tissue, containing an abundance of 
blood-vessels, a large number of which are of considerable 
size and very thin walled, together with numerous cells 
(figs. 3, 4, and 5). 

The connective tissue strands are for the most part 
arranged parallel to the surface and intersect each other 
at all angles. They vary much in size, from the finest 
threads to relatively coarse bundles (fig. 5). Lying upon 
them are large flattened elongated nuclei, round which no 
well-defined cell protoplasm can be recognised. 

The blood-vessels of the sac wall are numerous and of 
very varying size. A striking feature is the number of 
dilated vessels with very thin walls which are seen, particu- 
‚larly in the middle layer of the sac-wall (fig. 3). Occasion- 
-ally, but far less frequently, a small vessel can be recognised 
the lumen of which is narrowed. The contents of the 
vessels consist usually of red blood-cells, not differing in 
aspect from those seen in the cavity of the sac in immediate 
contact with its inner surface. Mixed with the red cells in 
‚the blood-vessels are a small number of mononucleated and 
multinucleated leucocytes. In addition, however, and par- 
ticularly in the neighbourhood of the more abundant cell 
infiltration, cells, usually mononucleated, of large size, with 
abundant cell protoplasm, closely resembling those outside 
the vessels, are encountered in the blood contained in the 
blood-vessels of the sac-wall. 

The cells lying in the meshes of the connective tissue 
of the sac-wall are free or loosely adherent to the con- 
nective tissue bundles or to each other. Occasionally they 
.are arranged in rows of two to four (figs. 4 and 5), but 
more frequently are seen in the section to be more or less 
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isolated. Some of the cells are of small size, and possess 
little cytoplasm ; this is especially the case near the inner 
surface (fig. 3). Others are of considerable size, reaching 
40 u or 50 p in diameter. The increase in size generally 
affects the nucleus, but is chiefly caused by the abun- 
dance of cell-protoplasm (figs. 4 and 5). The cytoplasm 
is somewhat granular in aspect, and in some, but not all, 
of the cells contains masses of brownish-yellow pigmented 
material, which is tinted by protoplasmic stains and but 
little affected by nuclear dyes. This pigment is always 
arranged in little masses, and never appears diffused through 
the cell-protoplasm. It is clearly derived from red blood- 
cells, the remains of former hemorrhages, and the cells in 
which it is foundare macrophages. The amount of pigment 
which the cells contain varies considerably. It is absent 
from the smallest cells, and is generally most abundant in 
the largest cells, in which the nucleus stains badly, or may 
be unrecognisable (fig. 5). Nevertheless, some of the largest 
cells which the sac-wall exhibits may be quite free from pig- 
` ment masses (fig. 4). Pigmented cells are found of large 
size and in large numbers in the middle of the sac-wall, but 
they are also present elsewhere, and can be recognised in 
the blood clot lying in immediate contact with the inner 
surface of the sac. The nuclei of the cells lying in the 
meshes of the connective tissue of the sac-wall are usually 
single and more or less rounded or oval in shape. Some- 
times the nuclei are irregular in shape, and occasionally 
mononucleated cells, generally of small size, are seen. 
Immediately in contact with the inner surface of the sac 
blood clot is found. This is little altered in aspect from that 
seen in the dilated vessels of the sac-wall. The red blood- 
cells preserve their form well. Penetrating for a distance of 
one-eighth to nearly one-half a millimetre, delicate blood 
capillaries are seen in the blood clot (fig. 3). These are 
accompanied by free cells. Beyond this distance few nuclei 
can be seen, but some ill-defined band-like structures are 
visible, the nature of which is not clear (fig. 3). No hema- 
toidin crystals can be found near the inner surface of the 
sac-wall. In the central parts of the sac-cavity the solid or 
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semi-solid material present cannot be satisfactorily sectioned 
in thin layers. Sometimes connective tissue strands are 
recognisable, extending into the clot, but they are not 
abundant. 

No bacteria could be recognised in the sac-wall or blood 
clot lying on its inner surface, on staining by Loeffler’s, 
Gram’s, or Ziehl-Neelson’s methods. The pia arachnoid 
membrane, similarly examined, exhibited no bacteria. 

The pia arachnoid was found to present an excess of 
connective tissue, the strands of which were coarse and con- 
tained numerous blood-vessels, together with an abundance 
of cells, usually mononucleated and containing a fairly large 
amount of cell-protoplasm, the largest being 20 u to 25 p in 
diameter. : 

The cerebral cortex exhibited some thickening of many 
of the blood-vessels contained in the gray matter. There 
was no marked increase in the neuroglial nuclei. The 
nerve-cells in the gray matter of the motor area did not 
appear much altered in aspect by v. Gieson’s stain. Minute 
examination by Nissl’s method could not be made, owing to 
the method of hardening adopted. 

The optic nerves, stained by Marchi’s method, gave 
evidence of degeneration, not intense in degree (fig. 6). 
There appeared to be some thickening of the connective 
tissue septa and nuclei of these nerves. 

The spinal cord showed, by Marchi’s method, some 
degeneration in the crossed pyramidal tracts, especially on 
the left side. By Pal’s method also the spinal cord exhibited 
slight, but distinct, sclerosis of the crossed pyramidal tracts 
and also in the posterior columns. 


REMARKS UPON THE PRECEDING OBSERVATIONS. 


The following points in connection with this pathological 
condition are worthy of note. 

As already stated, two morbid processes are present 
within the skull cavity; the brain exhibits an atrophied 
wasted condition, with opacity of the pia arachnoid and 
fluid distension of the subarachnoid space and ventricles, 
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such as is so commonly found in asylum patients advanced 
in life, suffering from dementia; and in addition there is a 
subdural formation of large size, assuming the form of a cyst 
with well-formed wall and partly fluid contents. There is, 
therefore, a difficulty in the way of deciding how far the 
clinical symptoms which the patient presented should be 
attribrited to the former and how far to the latter condition. 
The left-sided weakness and the degeneration of the crossed 
pyramidal tracts in the cord, chiefly on the left side, appear 
to be almost the only symptom and change which can with 
certainty be attributed to the subdural cyst. Previous to 
his removal to the workhouse infirmary, and also during his 
stay in the asylum, patient did not suffer from vomiting, 
nor did head pain appear to be, at any rate, an. obtrusive 
symptom. There was, however, degeneration in the optic 
nerves, not marked in degree, so that optic neuritis must 
have been present during life. 
. + The morbid process taking place in the subdural space is 
the condition of hemorrhagic pachymeningitis, complicated 
‚by the: occurrence of an unusual amount of hemorrhage. 
The blood poured out has become encapsuled by the forma- 
: tion of fibroid tissue, both on its dural and on its pial aspect. 
At the edges the sac-wall becomes continuous with the rusty 
‘pellicle found elsewhere on the inner surface of the dura. 
That the process is of old standing is shown by the large 
‚amount of connective tissue which the wall of the sac con- -~ 
tains. It is probable also, from the richness of the sac-wall 
in large-walled blood-vessels and from the abundance of 
cells which it contains, that the morbid process is progres- 
sive, and therefore it is likely that the. effused blood which 


`. subsequently became encysted was not poured out on a 


single occasion, but was the result of several. successive 
haemorrhages. 

In its mieroscppical characters the cyst-wall resembles 
.the subdural membranes ordinarily met with, consisting as 
it does ofa connective tissue framework containing numerous 
cells in its meshes together with very many large thin-walled 
blood-vessels. The cells, however, are much larger in size 
than those usually seen in the blood-stained membranes 
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. lying on the inner surface of the dura mater, and the exist- 
_ence among them of macrophages in larger numbers than — 
is generally the case in the latter is a striking feature. On 
the inner surface of the sac-wall the penetration of the blood 
clot lying within the cyst cavity by newly-formed capillaries 
accompanied by free cells is also beautifully seen. Connec- 
tive tissue is later in its appearance in the blood clot, than is 
the formation of new capillaries. 

The formation of a blood cyst in the subdural space is a 
comparatively rare complication of hemorrhagic internal 
pachymeningitis, though flattened hemorrhages, not sur- 
rounded by a defined fibroid wall, are not rarely met with 
when subdural membranes are present, and may have a 
diameter of several centimetres. 

The condition of the cerebrum is, by itself and apart 

from the distortion caused by the pressure of the blood cyst, 
indistinguishable, as already indicated, from that present in 
the brains of senile dements. Nevertheless, the extreme 
effusion of blood in the subdural space must be considered 
to have had a share in the production of the brain atrophy. 
How great this share is cannot, however, be gauged. 
_ Both morbid conditions are very advanced. -It has 
already been mentioned that the sac weighed 115 grs., 
while the weight of the entire brain was 1,045 grs. Never- 
.theless, the whole of the skull cavity was not occupied by 
brain and cyst together, room being still left for finid in the 
subarachnoid space'and ventricles. 


DESCRIPTION OF THE ILLUSTRATIONS. 


Fie. 1 


The brain seen from above, the subdural sac lying upon the right hemi- 
sphere having been removed. The sketch, made after hardening, shows the 
displacement of both hemispheres caused by the sac. The great longi- 
tudinal fissure is pressed over to the left of the mesial plane, especially in the 
middle of its course, being thus concave to the right, The right hemisphere 
js considerably flattened. The sulci are widened on the left side, but on the 
right, owing to the flatness of the surface, they are less distinct and assume a 
somewhat linear character. : 

R.R.; fissure of Rolando. S.S.; right Sylvian fissure (posterior limb). 
Three-quarters of the natural size. 


rut 
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Frontal section of brain and subdural oyst,.made. between the optic 


chiasma and the corpora mammillarie. To the right is seen the cyst lying 


flattened out upon the right hemisphere. Its wall is of fairly uniform thick- 


r 


ness of one millimetre or a little less except-at the edge of the cyst, where + ‘ 


its right and. left portions meet, and where its thickness is much increased. 


In this situation the sac-wall becomes continuous with a thin rusty pellicle ` 


' lying adherent to the inner surface of the dura mater, beyond the limits of 
the cyst. : The oyst contents are partly solid, having in places an imperfectly 


stratified character, and in part consist of fluid containing particulate matter . 


evidently derived from effused blood. 

. Both hemispheres are distorted in shape, the longitudinal fissure and 
corpus callosum being displaced to the left. Tho islandg of Reil and the 
basal ganglia are altered in outline as shown in the figure. Both lateral 


ventricles and also the third ventricle are seen to be slightly dilated, as is also: ` 


the anterior extremity of the right inferior cornu, which passes more forward -.” 


., than its fellow, and is therefore seen in the section, The subarachnoid space 
is distended with fluid, and the sulci are widened. Below the third ventricle 
a portion of the tuber cinereum is seen, and on each side are the optic tracts. 
On either side of the third ventricle is seen the corresponding optic thalamus, 


' external to which lie the lenticular nuclei, each showing several divisions, . ' 


Still more externally lie the outer capsules and the claustra, opposite which 
are the islands of Reil, and the posterior divisions of the fissures of Sylvius. 


' ‚Between the lenticular and caudate nuclei on each side is seen the internal 


capsule, above which is seen the tail of the caudate nucleus. Below each 


v globus pallidus is seen the nucleus amygdalæ. 


R.R, ; fissure of Rolando. On the right side portions of this fissure are 
cut across in three places. Three-quarters of the natural size. 


Fie. 3. 


Section of the wall of the blood cyst, together with a portion of the con- 


“ tents lying in contact with its inner surface. The cyst-wall is made up of .. 
. Stout connective tissue bundles, well supplied with blood-vessels, which to-. | 


wards the upper part are of large calibre and thin walled (their contents have 
dropped out during the preparation of the section). Between the strands of 
connective tissue are cells of various kinds, especially numerous in the middle 
` of the cyst-wall and at its inner surface. In the former situation the cells are 
frequently of large size, sometimes deeply staining, sometimes staining 
` faintly, and not unfrequently loaded with brownish-yellow pigment. Towards 
the inner surface the cells genorally are of small size. In all parts of the 


sac-wall elongated nuclei are recognisable, not surrounded by well-stained . 


protoplasm, lying upon the connective tissue strands. In, the blood clot, in 
contact with the inner surface of the cyst-wall, numerous capillaries can be 
-vecognised together with free cells. Deeper down the number of nuclei 
-recognisable is considerably diminished, Some ill-defined band-like structures 
are also seen in the blood clot, the nature of which is not clear. 
Stained with methylene blue. x 80. 


x Fie. 4. 


a 


“ Portion of wall of subdural cyst. The skotch shows an abundance of 


` + connective tissue strands, more’ or less wavy when out longitudinally, in the 


“meshes of which a number of cells showing much granular protoplasm are 
‘seen. Generally these cells are quite free; less frequently several cells are 
. found in contact with each other, forming a string of two to four cells. Two 
of the cells contain pigment masses, but with this exception the cells are free 
from pigment. (In other situations the same section shows large numbers of 
‘ cells with pigment, as in the next figure.) 


s 


of 


i 











Fic. 6. 


` 
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In addition, flattened elongated nuclei are seen in small numbers lying 
against the collagen stränds. 

In the lower part of! the section part of a blood-vessel is seen. 

v: Gieson’ s stain. 200. ; 


Fic. 5. 


Wall of subdural cyst more-highly. magnified than in the preceding figure. 
The section exhibits a number of large cells (macrophages), the cytoplasm of 
which contains masses of pigment of varying size, of a yellowish-brown, or 
yellowish-red colour. Where the pigment is very abundant the nucleus 
Geases to be recognisable. Some of the cells, especially those of small size, 
are free from pigment, Transitional forms are also seen, It will be noted 
that the nuclei of the smaller cells are smaller than those of the larger, but 


` the difference between the two depends essentially upon the amount of cyto- 


plasm, which is disproportionately greater in the large than in the small cells, 
The cell-protoplasm when free from pigmented material is of a finely granular 
aspect, and stains brown. No matter how abundant the pigmented material 


is, it remains in the form of small masses and does not become diffused 


through the cell-protoplasm. 

Connective tissue strands are seen, cut across longitudinally, obliquely and 
transversely, Applied to these are seen in profile elongated flattened nuclei. 
In the lower right hand corner is seen a blood-vessel cut across transversely: 

‘v. Gieson’s stain. x 550. 


` 
‘ 


Frc. 6. 


‘The right optic nerve stained with osmic acid. A small amount of fatty 
débris is seen, the black particles being arranged parallel to the direction of 


‘the nerve-fibres. 


x 250, 
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Physiological Laboratory, St. Mary's Eospital, October 25, 1900. 


Abstract of Dr. A. D. Waller’s communication, 


“Ox- tHe Excrrasinity or Nervous Matter: irs Last Sian 
or Lire.” 
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by light. and excited electrically.” —Phil. Trans. es 5 1900, 
March 29. ; 


No. 8a.— The Electrical Effects of Light upon Green Leaves.” - ` 
— Proceedings R. S., 1900, June 6. 


No. 8b.— Four Observations conc2rning the Electrical Effects 
of Light upon Green Leaves.” —Proceedings Physiological es 
1900, June 30. 


No. 4.—“ Le Dernier Signe a de Vie.” —C. R. Acad. des Sciences, 
1900, September 3. 


in a previous communication (No 1) to the Society, a sum- 
mary description of the electrical effecis. of light upon the eye. was 
given; evidence was offered of their duplex nature,.and their 
modifications were: systematically considered. 

The whole subject is more fully studied and deseribed in No. 2, 
which contains at p. 32 the-firsi ment.on of a phenomenon that I 
- have designated as the “ retinal blaze.” 


+ 
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First experiment. (Demonstration on eyeball.) 


Eyeball. 


Galvanometer. 





„ojesuedwog 


I 


| 


Inductorium. 


PLAN oF APPARATUS. 


This “retinal blaze ” is a large electrical after-effect of a single 
electrical stimulus, and in the same direction as that stimulus. ` 

Its modifications with physiological modifications of the eye. 
Its disappearance at death. 

Sensitiveness to light is a chief property of the retina (and 
skin) of animals and of the green leaves of plants. Electrical 
effects provoked by illumination of green leaves were therefore 
sought for and studied. A preliminary account of the results is 
contained in papers Nos. 3a and 3b. An electrical response to 
light is witnessed only in the case of actively-living green leaves ; 
it is absent from other vegetable tissues (coloured petals, fruits, 
seeds, &c.). 

The electrical response of a green leaf to illumination is one of 
its signs of life. A petal or a seed does not exhibit this sign, and 
we must have recourse to some other test by which to distinguish 
whether it is alive or dead. 

Such a test is afforded by a reaction similar in principle to. 
that of “retinal blaze.’ The reaction is of a most general ehar- 
acter, and indicates whether an organ or tissue, animal or vege- 
table, is living or non-living. It is the last sign of life (No. 4). 


a 
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Second experiment. (Demonstration: Living versus dead 
nerve.) 


Third experiment. (Demonstration : Living versus dead egg.) 
Probable nature of the phenomenon. A post-anodic action 
current. 


Mr, Victor HoRSLEY— 

(1) A lantern demonstration on the course of the fillet fibres 
in the cat. . 

(2) A communication with reference to thé cat shown at a 
previous meeting in which Brown-Sequard fits had been obtained 
after a lesion of the medulla. Since that meeting Mr. Horsley 
had completely divided the mesencephalon, and the fits could 
still be obtained. The cat had been killed and photographs 
were shown to demonstrate that, except for a trivial involvement 
of the cerebellum, the initial lesion was confined to the medulla, 
and that in the second experiment the division of the mesen- 
cephalon had been complete. 


BRAIN. 


PART IV, 1900. 
Original Articles and Sm Cases. 


HUGHLINGS JACKSON AND THE CORTICAL 
MOTOR CENTRES IN THE LIGHT OF PHY- 
SIOLOGICAL RESEARCH. 


BY PROFESSOR EDUARD HITZIG, M.D. 


GENTLEMEN,—I am well aware that Horace of old has 
sometimes been accused of vanity for his ode “ Exegi monu- 
mentum ære perennius.” The poetical form, however, of 
the thought that pervaded the:ode was perhaps only the 

‘expression of an antique simplicity ;. for the prophetic 
words of the same ode, “non omnis moriar,” point to the 
fulfilment of a wish that pervades the breast of almost every- 
one. Nevertheless this hope of an existence reaching be- 
yond what is in the more narrow sense mortal, has assumed 
a very different shape among various nations and religions 
and again among various professions and persons. One of 
the happy thoughts, in this direction and one that first took 
a practical form in this country, aimed at preserving vividly 
and imperishably the memory of the mental achievements 
by which important men in our department elevated them- 
selves above the-great mass, The idea is to secure at stated 
intervals lectures upon some division of the science to which 
those men had devoted their best strength. Such a custom 
is in fact far, more lasting than lifeless bronze-and far pert 
suited to the recognition of mental work. 

We live in Time and it is therefore not’ vouchsafed to us 
to create anything absolutely imperishable, No one can 
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say whether or not the intellectual monument which this 
society intends to erect to Dr. Hughlings Jackson—the 
honoured man whom we still to cur joy number as one of 
‘us—will be of such duration as ths poet prophesied for his 
work: “As long as the Pontifex assends to the Capitol with 
the silent virgin.” If, however, it be permitted to judge 
by the development which this society has shown in the 
fourteen years of its existence, by ihe amount of intellectual 
labour that its members have performed, And by the in- 
fluence that these labours have had upon the scientific views 
of the medical and philosophical wozld,—then this monument 
will have a long ‘life, and so long zs it endures, so long will 
it offer to the illustrious scholar the most worthy of all 
‚rewards : His thoughts will ever again rise from the 
seemingly lifeless dust, and will spur posterity on to renewed 
intellectual labour in the field that he cultivated. 

If we examine carefully the most important efforts in 
the realm of the natural sciences, we find that two qualities 
have always been especially effective: keenness of observa- 
tion and curbing the imaginatior. The first quality is far 
less. an attribute of the senses shan it is of association. 
Hundreds see the same event without its exciting any 
thought. One single person, however, sees this event and 
he sees it with other eyes, because it connects itself in his 
mind with numerous other conzeptions, and forms with 
them a whole which the imagination at once portrays as 
completed truth. Precisely here at the very side of this 
special pre-eminence of the inquizing mind, lies the danger. 
We learn the truth only when we stay upon the basis of 
reality, and when we prune back the luxurious shoots of 
the imagination, however they may for the moment please 
our inward eye. This is the ever renewed struggle with 
the hypothesis and against the hypothesis. It is not every 
inquirer that has been alike forsunate on every occasion - 
in this struggle, as well as in zeneral in the exercise of 
those two qualities. On the contrary we couple with 
almost every distinguished name the memory of some one 
particularly eminent scientific schievement. As for Dr. 
Hughlings Jackson there is no doubt that his merits are 
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of the most manifold character, and there is further no 
- doubt that for English physicians his personality has not 
failed to be of influence upon the estimate made of his 
work. But in foreign countries we connect his name above 
all with the memory of one fact, namely, that he was the 
first one who referred the partial cortical convulsions to 
peculiar centres of innervation. Many another had already 
observed these convulsions, but he alone hit the right 
explanation fot the phefomena, and, by referring the con- 
vulsions to sueh centres, he argued the existence of motor 
centres in the brain, and even told to a certain degree about 
what their position was, before physiological research was 
able with certainty to prove where they were. The scientific 
world has therefore, as you all know, given to these con- 
vulsions the name “‘Jackson’s convulsions.” Under these 
circumstances, whatever part of Dr. Jackson’s work later 
lecturers on this foundation may choose as the point of 
departure’ for their observations, it may well seem justifiable, 
nay imperative for me, the first one called upon for an 
estimate of his labours, to choose the subject : 

What development, in consequence of physiological re- 
searches, has the doctrine of the cortical motor. centres 
experienced since those investigations of Dr. Jackson's. . 

I think that in this way I shall meet the wishes of this 
society. For when it summoned me to be the first of these 
lecturers, it doubtless did so for no other reason than 
because I was precisely the first one, now some thirty and 
more years ago, to confirm by physiological experiment and 
to define more closely that which Hughlings Jackson had 
concluded from clinical facts. I hope and I believe that 
the members present, in consideration of my connection 
with these researches, will deal leniently with all such 
defects of this lecture as may arise from my ER 
command of the English language. 

The character of the task set me requires that its solu- 
tion be sought in the main by way of history. Asa neces- 
sary consequence, part of this lecture will offer to some of 
the members only what is well known to them, and will 
certainly offer to many members at least much that is 
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familiar. Stillit may perhaps not se uninteresting to con- ` 
sider all these facts in a brief summary and to glance at 
them from the point of view from which they present them- 
selves to a man who has for a long time occupied hintself 
with them and with the questions associated with them. 
The material has in the course of these. thirty years assumed 
very extraordinary proportions, and regard to time and 'to 
the oecasion compels me to limit myself to those facts and 
to that part of the consideration of the facts’ which may be 
necessary to a clear, even if sketch-like, portrayal of the 
picture which we have to reproduce. I shall therefore be 
compelled to pass over: numerous valuable contributions of 
` English and other authors, even in the field of physiology 
and to leave altogether to my successors in this office the 
consideration of the anatomical aad pathological sides of 
these questions. In spite of this limitation it will at once 
be apparent that it is quite impossible to confine our view 
merely to the centrifugal functiors of the cortical motor 
centres, and that we must needs, although. only within cer- 
tain bounds, busy Quspelves also with the sensory functions 
of the brain. 
The theme that is set before ts points of itself to the 
proper beginning for our discussior. We have first to pre- 
. sent thé opinions which Hughlinge Jackson uttered before 
the publication of the first physiological work on the cortical 
motor centres. Happily we. have an article of his, termed 
“ Study of, Convulsions,” in which he summed up these 
views of his immediately before the appearance of that 
work i in the year.1870. ; 
` It will be best to proceed from Dr. Jackson's conception 
of the. qualities of the brain substance. In reference to it 
he utters first of all with full deeision the opinion that 
the gray matter and it alone has the property of staxting 
motions, and in particular convulsions, a sentence that has 
' ever been and ever remains for me an axiom. It is further 
‚bis opinion that paralysis is produced by lesion of nerve 
fibres, a sentence the correctness of which, in this exclusive 
form, is open to objection. The genesis of motion from 
the gray matter is mediated by the contractions of the 
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arterial vessels, and that in such a way that every ante- 
cedent utterance of activity on the part of-a certain district 
of the gray matter excites by means of the arterial innerva- 
tion the activity of another district. We may then consider 
these processes as discharges which spread themselves out 
in the.gray matter according to the manner of the distribu- 
tion of its blood-vessels. And if we accept. this conception, 

then on the one hand the processes in breathing, i in walk- 

ing, and in thinking will be in principle the same, and on 
the other hand we shall not need to grant a qualitative 
difference but only a quantitative one between the violent 
and irregular motions of the cerebral convulsions and the 
co-ordinated motions of normal life which are effected at a 
small expense of power.' 

We have thus defined these motions as a united whole 
and have found that they depend upon the presence of 
the gray matter. It follows from this that the relative 
amount of the gray matter favours the production both of 
normal and of convulsive motions. Therefore the corpus 
striatum, in so far as it contains a less amount of gray 
matter, will be less easily, and the cortex, in so far as it 
- contains a greater amount of gray matter, will be more 
easily, qualified to produce all these. phenomena of motion. 
Indeed, Jackson presupposes that the latter are “to blame 
in severe convulsions at all events.” 

The relation of the cerebrum to the corpus striatum i is to 
be conceived of in such a way that in the latter the more 
simple and in the former the more intricate co-ordinations 
of imipressions and motions in time and space are repre- 
sented. In the former numerous other elements come into 
play, whereas at every point of the:brain -cortex the units 
‘again appear which are present in the corpus striatum. 
Experience teaches that the motor functions of a whole 
half of the body can be annulled by the destruction of a 


1 This course of thought occurs often in numerous articles of J acksons, 
for example, “ Localisation of Movements,” 1875, p. 33: “The inference is ~ 
irresistible that there must be a motor as well as a sensory element in the 
‘organ of mind’ which is faintly discharged when we ‘ think’ of an object,” 
“Slight discharges arise in the case of reproduction, strong discharges in 
the case of first production of sensible perception.” ‘In the case of con- 
vulsions the discharge is excessive.’ : 


t 
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small portion of the corpus striatum, whereas a far greater 
destruction of. cortex does not lead to paralysis. Now this 
is based precisely upon that.growta of new formations of 
nerve substance, by which those aggregates of the corpus 
striatum are in the cortex pressed apart over broad surfaces. 
We must not, however, picture to ourselves the structure of 
the nervous system. as if in one convolution only the motions 
of the arm, in another only the motions of speech, and in a 
third only the motions of the leg were represented. On the 
contrary, each separate convolution contains a multitude of 
elements of one unit of the corpus striatum, for example, 
.of the arm, and a smaller number of elements of another of 
those units, for example, of the leg end of the face. 
Taken as a whole the cerebral cortex is conceived of 
‘as an organ in which motions and se-sations are represented, 
and in which there exists a definite kind of localisation 
for these motions and sensations, something after the 
manner in which Luciani conceivel of them in one of ‘his 
later works. - 
It is true that we learn but litt-e here touching the part 

that the impressions on the lower end on the higher senses ` 
play in the cerebrum. Hughlings Jackson assumes that 
there is a certain segmentary connection of motor and 
‘sensory fibres with the corpus striatum, in so far as muscle 
nerves and the sensory fibres from the skin which covers 
these muscles meet there. He thinks that in this way it 
is possible to explain“ the interruption of the convulsion 
by the ligature of a limb. But he does not think that these . 
bundles of fibres go as far as the cartex. As for the higher 

senses, we learn even, “that mere destruction of large 
parts of the hemisphere does not cause pees nor 
even defect of sight.’ 


1 On this point we find in “The Localisation of Movements,” p. 41, the 
following ‘statements: “I wish to point out that I have suggested that 
‘ disease of the posterior lobes, chiefly of the right one, although it does not 
produce loss of sight, does produce loss cr defect of visual perception 
(imperception); or as I now prefer to say, defect of recognition.” (Who is 
not reminded by-this of Munk’s soul-blindness ?) Further, in a note at the 
same place: “I make four statements (1) Destruction of no part of the 
cerebral hemisphere produces loss of sight. (2) Discharges of parts of it (I 
think posterior part chiefly) produce coloured vision. (3) Tumour in it 
leads to changes in the optic nerve (optic neuritis), in consequence of which 
defect or loss of sight may or may not follow, (4) Disease of the posterior 
lobe (right) produces defect of perception.” 
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If we then consider the way in which Hughlings Jackson 
speaks of the motor functions of the cortex as endowed with 
the qualities that we have described, the conviction at once 
forces itself upon us that in all his considerations and con- 
clusions he was impeded and misled by the firmly rooted 
error of that day, one based upon the doctrine of Flourens, 
namely, that the actual motor centres lay only and exclu- 
sively in the corpus striatum. We can follow him and see 
how Hughling’s Jackson’s own experiences and conclusions 
constantly kept forcing him back to the cortex, and yet at 
the same time that he was fettered to. the corpus striatum, 
because the universal opinion of research referred the cases 
of unilateral convulsions, which depended upon the destruc- 
tion of routes of conduction that lay in the capsula interna, 
to centres that were supposed to lie in the gray matter of 
these ganglia.’ ` 

The next consequence of this conception of Hughlings 
Jackson’s, in connection with his hypothesis as to the part 
played by the blood-vessels, is that he looks for the place 
from which the convulsions that he, treats of issue, in the 
field that is fed by the arteria fosse Sylvii, seeing that this 
artery supplies the corpus striatum and many neighbouring 
convolutions with blood. The very important utterances 
about the clinical symptoms that accompany aphasia agree 
with this conception; for an attack of convulsions that 
brings in its course a temporary loss of speech, always 
begins on the right side in the face or in the tongue, and 
no such defect of speech occurs when a similar attack begins 
in the right hand or in the right foot. Dr. Jackson says 
decidedly that the only conclusion he can draw is that the 
illness, on which that loss of speech depends, sits chiefly 
in that part of the corpus striatum which includes Broca’s 
convolution, and in the same way that the hemiplegia that 


appears after such attacks is dependent upon changes in .- 


this region. Hughlings Jackson likewise states as a result 
of his experience, that convulsive attacks which show 


i Compare “Localisation of Movements,” p. 2: “At that time [1868] 
however, I believed the corpus striatum to be the part discharged in con- 
vulsions beginning unilaterally, although then and several years before I 
believed the convolutions also to contain processes representing movements.” 
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tumour symptoms and which begin in the hand depend 
upon a lesion of convolutions of the arteria fossæ Sylvii. 
The suggestion that the cause of a convulsive attack that 
begins in the foot is perhaps to be scught in the neighbour- 
hood of the thalamus opticus is less Zortunate. 

We have already seen that the cortex played in fact 
essentially no other part.in Hughlings Jackson’s view at 
that time of the case lying before us, than the further 
central gray matter. It must be capable of Producing and 
storing great quantities of material for discharges or for 
explosions. And it was then necessary that this material, 
either constantly or in single attacks, should be discharged 
through all the lower centres by the use of the motor tracts. 
“ General epileptic convulsions and she convulsions named 
after Dr. Jackson differ from each other only in the one 
particular, namely, that the latter arise from discharges in 
convolutions which lie farther from che motor tract, whereas 
in the common epileptic attacks the discharges are in con- 
volutions nearer that region. The influence of the cortex 
upon movement only goes as far as that.. Todd’s epileptic 
hemiplegia in particular, does not depend directly upon 
organic unsoundness; it is the resılt of overwork of the 
nerve fibres which lead from the discharging part to the 
convulsing muscles." 

It is well known that one of the most important services 
rendered to science by Dr. Jackson consists in the description 
of the way in which these partial attacks of convulsions of 
his develop. He says in this passage: ‘‘ Fits which begin 
in the foot have a different march “rom those which begin 
in the hand.- When a fit begins in the hand it goes up the 
arm and down the leg. Now patients who have fits begin- 
ning ih the foot tell me that the spasm goes up the leg and 
down the arm.” 


3« Disease in the hemisphere never causas palsy limited to one side, 
unless it also involves or squeezes the motor tract. . . . It does not 
cause hemiplegia, that is, by destroying a large part of the hemisphere. 

The palsy depends upon secondary chunges near the coarse disease, 
or rather on the ‘overwork’ of nerve fibres 2y the excessive discharge on 
them which these secondary changes permis . . The assertion is, 
that hemiplegia does not result from the lack of the ‘part of the hemisphere 
destroyed by the disease.” 


’ 
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“ The fit begins-most often in the parts that suffer most 
‘in hemiplegia, and these are always the muscles which are 
most concerned in arbitrary, isolated motion.” 

There are few cases in which the fits begin elsewhere 
“than in the side of the face (usually in-the cheek), in the 
hand or in the foot; they very rarely begin in the upper 
arm or in the calf. . . . Fits beginning in the hands 
are common, fits beginning in the cheek and tongue are 
less frequent, fits beginning in the foot are rare. : 
The fits which begin in the hand, begin usually in the index 
finger and thumb ; fits which begin in the foot begin usually 
in the great toe.” 

If we consider the total result of these doctrines of Dr. 
Jackson, we shall easily recognise from our present point of 
view, in what places and in how many directions they still 
needed completion and correction. And at the same time 
we grasp the fact that on the one hand clinics, on the 
other hand physiology, and finally anatomy, while each has 
shown its own right to independent research, still are to 
such an extent dependent upon each other, that the full 


recognition of truth can only arise from the common appli- 
% 


cation of the results of all these sciences. : 

It is probably scarcely possible to prove this more strik- ' 
ingly than by the influence which the very first physio- 
logical researches as to the qualities of the cortex :exercised 
precisely upon the conclusions drawn from those clinic and , 
anatomie observations, and especially upon the theories of 
Hughlings Jackson. 

These experiments are so well known that I may waive 
a closer description of them and content myself merely with 
the emphasizing of a few points which are hereafter to be 
discussed... 

It was proved by experimental excitation, using the 
galvanic and the faradic current, that the muscles of the 
extremities, of the neck, the trunk, and-of those innervated 
by the facial nerve, could be set in motion from certain 
narrowly bounded places of the gyrus sigmoides and of a 
neighbouring convolution in the brain of the dog: It was 
further discovered, that the removal of very small portions 
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of the surface of the cortex of the gyrus sigmoides produced 
a peculiar disturbance of the motions. And, finally, Dr. 
Jackson’s theory touching the charging of the cortex and 
its discharge in local and in general fits of corivulsions, 
found a practical confirmation by the method of the Faradic 
excitation. As a matter of fact tke cortex, and that even 
by..a short series. of merely weak inductive shocks, can be 
so charged that even after the stimulus has ceased local: 
fits of convulsions arise, which may spread further and 
develop into general fits. The phenomena of such a 
charging have been more thoroughly examined and graphi- 
cally presented by Frangois-Franck and Pitres. A charging 
“of this kind can be effected from more distantly existent 
points of the cortex, and for this reason the electric exam- 
ination of the cortex should never be attempted without 
the control with the galvanic currant, which does not lead 
to a residual charging of the ccrtex, or should only be 
attempted with single inductive shocks. 

The way in which this discharge spreads out was 
described in general lines by the first discoverers them- 
selves. The later researches of Luciani,! Franck and“ 
Pitres,? Unverricht;? and many cthers, showed in agree- 
ment with them that the stimulus imparts itself from the 
originally excited point to the neighbouring cortical regions. 
In particular, Luciani first of all, and then Munk,* Bubnoff 
and Heidenhain,® Ziehen® and otaeıs, showed that by the 
removal of a locally limited ‘port.on of the cortex such a 
discharge could be influenced to such an extent that the 
motors represented in the parts removed no longer con- 
vulsed in the former manner. Chiefly by pursuing such 
artificially excited fits of convulsions on the brain cortex 


' Lucan, “Sulla patogenesi dell’ epilessia.” Rivista sperim. di freniatria, 
1878 and 1881. 

2 FRANOK and.PITREs, ‘‘Encephal.” Lictionn. encyclop. (Dechambre). 

3 ÜNVERRICHT, “ Experimentelle und klinische Untersuchungen über die 
Epilepsie,” Arch. f. Psychiatrie, Bd. xi, 

4 Munk, Lehrbuch der _Gehirnkrankhe- ten von Wernicke, 1881, Band i., 
S. 240. 

5 BUBNOFF and Hae agua. “ Ueber Erregungs und Hemmungs- 
vorgänge innerhalb der motorischen Rindencentren,” Pflitger’s Areh., 
Bd. xxvi. 

€ ZIEHEN, “ Ueber die Kıümpfe infolgs elektrischer Reizung der Gross- 
himrinde,” Archiv. für Psych., Bd. xiii. 
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of apes and comparing them with the monospastic and 
hemispastic fits, which were now better understood, it was 
‘discovered that all these facts agreed with each other and 
with the exemplary clinical description given of them by 
Hughlings Jackson. This comparison showed, however, at 
the same time, that the hypothesis set up by him was only - 
correct in so far as it referred to the existence of dortical 
centres in general, but not in so far as concerned the 
assumption of manifold centres by means of which the 
different courses of these fits of convulsions were to be 
explained. 

Little, however, as we could enter into the particulars 
of the researches which we first mentioned, just as little 
can we go into the details of the extremely numerous 
researches by means of which the facts we have just 
mentioned were rounded out. My task is rather to discuss 
the various theories according to which the newly-found 
facts were conceived and explained. 

We may divide the questions here raised into two 
unequal groups, namely: (1) The question whether the sum 
total of our experience justifies the assumption of centres in 
the brain cortez, and (2) the question which has received 
such extremely different answers, in what way such centres 
may be supposed to act. 5 

It would, of course, be the right thing to define at the 
very outset of this discussion, what is to be understood by 
the notion ‘‘ centre,” and all the more right because this 
expression has been applied in the literature in the most 
different ways and has given rise to disagreeable misunder- 
standings. But it will soon appear that no such universally 
valid definition can be given in a few words. Nevertheless 
we may content ourselves for the needs of the moment by 
understanding that a centre is a locality in the brain cortex, 
not bounded by lines, within which certain groups of con- 
ceptions are anatomically and functionally localised. In 
the case before us it would then be a matter of ideas of 
motion and of motor functions without any respect to the 
way in which we suppose them to have originated. The 
essential point is therefore the validity of the localisation, 
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or in other words the question as to whether the doctrine 
of Flourens with reference to mobility be’still tenable or 
not. i 

The existence of such centres hes always been and still 
is contested by Goltz and a number of his pupils, by Schiff 
and others. These opponents raised a series of objections 
to the force of the evidence of tae experiments both in 
stimulus and in paralysis. 

As for the former, Goltz! especially, among many others, 
has renewedly declared that they proved nothing at all in 
the face of the possibility of the ciffusion of the electrical 
current. But he has never taken up my challenge to show 
me the place at which these currents could with any real 
effect diffuse, and he has finally given us to understand that 
he probably means the layer of fibres lying directly under 
the cortex. Moreover, the question was discussed with the 
greatest caution even in my firs: article. At that time, 
arguing on the one hand from the direct cortical excitation, 
and on the other hand from the excitation of the white 
matter by isolated needles, I had soncluded that only the 
excitability of the latter had been directly proved, but that 
we could indirectly conclude at least the function if not the 
excitability of the gray matter in sc far as under the circum- 
stances we were of necessity forced to assume that those 
_ excitable fibres had their origin in the neighbouring cortical 
cells. 

Since that time, however, tLe direct proof of the 
electrical excitability of the cortex, of the existence of 
centres in it, and the direct confirmatory proof against the 
objections raised, has been brought outin the most manifold 
way. It was found that after she undercutting of the 
cortex the electric stimulus only took effect in case an 
extraordinarily strong current was applied, but that neither 
the cutting around a centre, which did not hinder the 
diffusion of the current, nor its isolation by means of glass 
plates, which did hinder the diffusion, changed in any way 
the effects of the electrical stimulus, provided only that the 


U FRIEDRICH GOLTZ, “Ueber die Verricktungen des Grosshirns,” Gesam- 
melte Abhandlungen, Bonn, 1881. 
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direct cortico-muscular path remained uninjured. - And the 
experiments of Bubnoff and Heidenhain,! and as well those 
of Francois-Franck and Pitres,? were absolutely deeisive; 
they proved that the gray and the whité matter had a 
totally different kind of electri¢al reaction. The time of 
reaction, the time between the entrance of the current and 
the beginning of the twitching, is materially shorter in 
the case of excitation of the white matter than in that of 
the gray matter. The muscle curves, drawn in each, show 
the most essential differences from each other; and finally 
the white matter does, not possess the power of being ` 
charged by inductive currents and of then discharging itself 
in local or general cönvulsions.. A similar testimony is to 
be found in the different reaction of the cortex and of the 
marrow upon a number of poisons. 

‘ The interesting experiments of Horsley and Gotch * 
proved further that a negative variation (Du Bois- Reymond) 
of the current of the resting nerve in the spinal cord occurred 
when the corresponding cortex centre was excited,.and only 
when precisely this centre was excited. Finally, within 
the last few months Larionow’s* experiments. have taught 
us that this negative variation can also be traced in the 
reyerse dvesnen, in so far, namely, that the currents of 
cortical action experience a locally limited change when 
peripheric stimulus is applied. 

If we put all these facts together there is not room for 
the least doubt that even from the results of the different 
methods of electrical experiment alone, the existence of 
functionally different centres, especially of such as are of 
a motor character, in the brain cortex itself, would be made 
sure even if the results of the experiments in extirpation 
did not speak in the same sense. i i 


! BuBNOFF and HEIDENHAIN, “ Ueber Erregungs und Hemmungsvorgänge 
innerhalb der motorischen Rindencentren,” Pflüger's Arch., Bd. xxvi. 

? Franck and Pirres, “Encephale,” Dictionn. encyclop. (Dechambre). 

3 'HoRSLEXY and Goren, “On the Mammalian Nervous System,” &c., 
' Philosoph. Trans.; vol. clxxxii., 1891. 

+ LARIONOW : "Ueber galvanometrische’ Messungen der Ströme in der 
Rinde der Schläfenwindungen bei Reizung der peripheren Gehérorgane,” 
Monatsschr. f. Psychiatrie, &c., Bd. v., 1889, S. 464. A more detailed publi-/ 
cation than that in the passage cited, will perhaps dissipate many a doubt as 
.t0 the author’s results. I have occupied myself with similar experiments 
since the year 1874. 
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. Itis trug that Goltz, whom we may doubtless regard as 


the representative .of the opponents of the doctrine of 


localisation, has until òf late contested this doctrine most 
zealously by his experiments in extirpation. ‚We shall, 
however, see that his own experiments, in spite of all he 
may say against it, have really, nevertheless, althqugh by a 
very roundabout way, led him back in the main to the very 
same mode of viewing the case that formed as ‘long ago as 
the year 1870 the point of departure for my consideration of ~ 
the functions ‘of the cerebrum. I have always valued and 
recognised in the highest degree Goltz’s services in the 
field. of the physiology of the central nervous system. If he 
has in spite of that given occasion: to unpleasant conflicts 
and ‘thereby also to the spreading of great: confusion over 


` the questions with which we are busied, it is perfectly clear, 


for every one acquainted with the literature, that the reason 
fox this lies in the unsuitable method of operation which he 
used at the beginning of his experiments. The moment 


‘that he applied methods which permitted, even if it was 
_ only an imperfect localisation, he reached results which it 


is quite possible to harmonise with mine and with those 
of scholars who think as I do. BR 

It is well known.that Goltz began his extirpations by 
flushing the matter of the brain with a jet of water which 
he brought to bear on the brain by means of variously 
shaped pipes after trepanning in one or more plates. In 
this way he flushed the brain in the most different directions 
and in different depths, without telling what was the extent 
of the injury caused, and without, in my opinion, being able 
to control that extent. He himself dlleges that by this 


_process, by a pressure on the oblongata, in the case of very 


many animals there occurred a sudden cessation’ of breathing 
and of the pulse. In the case of other animals he mangled 
the, brain with an instrument proposed by R. Ewald, a 
so-called scissors-borer. ! 5 

I£ we wish to make experiments in localisation, it is 
— however much Goltz may have said or may say against 


. it—a simple demand of logie that we either bring stimulus 


to bear or cause lesion locally, and that we then compare 


\ = 
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with each other the phénomena produced in this way at 
the different places of the surface or of the interior of the 
brain. The methods that Goltz at: that time applied were, 
however, clearly not suited to investigate the qualities of 
fixed localities of the cerebrum, in so far as these methods 
purposely.injured large parts of it and extended uninten- 
tionally their effects far beyond the cerebrum, even as. far 
as the medulla oblongata. Even though it is beyond doubt 
that in this Way many a valuable bit of knowledge about 
the functions of the brain was attainable, no one can be 
surprised that Goltz at first came to the conclusion that 
not the place of the loss of substance, but only its amount, 
had a decisive influence upon the character of the disturb- 
ances. That was so clear to him that he even says in so 
many words: “In the subsequent statements I may there- 
fore as a rule omit.a sufficiently exact designation of the 
place of the lesions.” l 
But the moment that Goltz applies methods, which, 
although still far from meeting the demands made by me, 
nevertheless no longer attack the whole cerebrum, but 
rather either its anterior or its posterior half, he finds, 


certainly to the surprise of his readers, that he is compelled: 


to make, word for word, the following remark: “I read in 
different authors with the greatest astonishment the obser- 
vation that I had declared that the matter of the brain is 


everywhere of like value.”! When then Goltz in his sixth’ 


article also repeats the sentence, that he holds the assump- 
tion of small limited centres as more nonsensical than ever, 
he is still forced in the same article to concede that as a 
consequence of mutilation of the anterior half of the cere- 
brum, all motions become coarse and awkward, while in 
another passage he concedes that the dog operated upon 
behind moves all the muscles of his body with normal skill, 
has undisturbed sensation of. touch, does not step into the 
air, and shows no increase of reflex excitability, but that 
on the other hand it suffers chiefly, though not exclusively, 
from disturbance of vision. Had Goltz taken a still further 


| Gorzz, * Ueber die Verriehtungen des Grosshirns, Fünfte Abhandlung,” 
Phliiger’s Archiv., Band xxxiv. 
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step in the limitation of his operative lesions, he. would 
surely also have seen a further limitation of the conse- 
quences of his operations, that is, a clearer localisation. 
I may refer here to my lately published experiments,! which 
prove the exceedingly great sensibility of the brain even 
towards apparently indifferent operations. It has become 
clear thereby that the meve uncovering of the brain to a 
_ slight extent, without lesion of its matter, may lead to 
evident disturbances of mobility, of- sensibility, and of the 
power of vision. How can anyone then be surprised that 
the most manifold disturbances of functions should appear, 
if he opens the skull to a large extent and. makes the 
greatest inroads upon the brain?” Thus far Goltz has con- 
stantly evaded my challenge to compare the effects of the 
strictly localised lesions with each other. Another reason 
for misunderstandings I shall mention later. 

Luciani’s’ doctrine stands in very close relation to these 
explanations. This scholar, whom I highly respect, reached, 
as is well known on the basis of his experiments, the view 
that the single centres overlap each other, and that in 
consequence, although every function can be injured the 
most from a certain central region, at the same time a 
number of other functions are also in a greater or less 
degree injured with it. This agrees with the above-men- 
tioned view of Hughlings Jackson that in every gyrus a 
| larger quantity of ‘the one function and a smaller quantity 
of various other functions are represented. , A peculiarity 
of Luciani’s doctrine is the construction of a “centre of 
centres,” which he places in the neighbourhood of what I 
call'the centre of the facial nerve. At that point he thinks 
that all the rest of the centres, the one overlapping the 
other, are interwoven with each other, so that by an injury 
to this central centre the most severe psychical disturb- 
ances and the most complicated results are produced. 
Luciani ascribes a very special importance to this fact. 

Nevertheless his whole doctrine, and in particular the 


1 Œ, Hırzıc. “ Ueber das corticale Scheu des Hundes,” Archiv. f. Psych., 
Band xxzziü., Heft 3. 


2 Lucıanı and SEPPI, Die Pamctions—Localisation auf der Gross- 
hirnrinde, 1886 ; and “On the Sensorial Localisations,” &c., BRAIN, July, 1884. 
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last-mentioned fact, is incorrect. It is, indeed, incontestable 
and a priori necessary that the single cortical centres be 
connected with each other, so, for example, that every 
sensory centre must certainly be combined functionally with 
motor elements of consciousness.’ But this connection 
‘does not exist in the way that Luciani assumes and it cannot 
be proved by the method that he applied. For this purpose 
such large extirpations as he practised are useless. If the 
mere uncovering of a narrowly limited cortical field occasions 
clearly appreciable disturbances of this whole field, and even 
‚changes in its neighbourhood, it is plain that severe lesions in 
large cortical fields must much more certainly lead to mani- 

'. fold disturbances of the functions of the neighbourhood, and 
thus Luciani’s results are to be explained. For the purpose 
that he had in view he should have applied both the method 
of the very least excitation,and the method of the very least 
lesions. A single experiment of this kind proves the falsity 
-of Luciani’s whole doctrine. If, for example, we set a small 
trepanning bit at the place that corresponds to his centre of 
centres, and if we then cause.a small or even a somewhat 
larger lesion at this point, but at the same time see to it that 
the wound heals aseptically, this operation remains, in very 
many cases, without visible influence upon the functions of 
the animal operated upon. Eckhard! reached, in this 
respect, the same results that I myself reached. Now a 
very much smaller lesion of the gyrus sigmoides produces 
severe disorder in the functions of the extremities and of 
the eye, therefore we should look for much more severe 
phenomena in the case of, the lesion of so important an 
organ as the centre of centres. Lwuciani’s error is simply to 
be explained-by the fact, that the so often mentioned locality 
lies about in the middle of the convexity of the brain, so 
that a coarse attack upon it is precisely best fitted to make 
all the rest of the convexity suffer with it. 

If we draw the sum total of all these experiences, we find 
that the paralysing experiments speak in the same way as 
the excitation experiments, in other words, that all experi- 

1 EckHART, ©. “Das sogenannte Rindenfeld des Facialis in seiner 
Beziehung zu den Blinzbewegungen.” Centralblaté f. Phys., Bd. xii., Nr. 1. 
' O VOD. XXII. l 36 
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»: ments, in so far as they are entered upon with the necessary 


precautions, prove the existence of centres in the cortex, 
and that in so far as they are entered upon without such 
precautions, they have produced no facts that would be 
inconsistent with the cortical localisation. 

If we now turn to the second of the questions set before 
us—the question as to the functions of these centres—we 
must proceed from the description of the facts which their 
first discoverers were able to observe as a consequence of 
very small extirpations, and which, in the main, so far as 
the motor side is concerned, retain the same appearance in 
the case of large lesions. 

These experiments showed that such lesions in the case of 
a dog never produce an actual paralysis in the form in which 
it appears in men, and in fact that, as later experiments 
showed, this was not even the case when the operation 
was on both sides and symmetrical. On the other hand, the 

, extremities reached a condition which we defined as showing 
` that the animals operated upon had but a defective conscious- 
ness of the condition of their limbs, and that they had lost 
the power of forming for themselves complete conceptions as 
_ to these limbs. This condition displayed itself chiefly in that. 
the animals used their limbs actively in the most unsuitable 
way, and that they did not correct the most unsuitable posi- 
tions which were passively given to their limbs. 

These facts have been enlarged in the most manifold- 
manner in the thirty years that have passed since that time. 
Inasmuch as the same experiments were also extended 
to other species of animals, the consequences of’ similar 
experiments differed more or less, doubtless, from the conse- 
quences shown by the experiment on the dog. But none of 
the further experiments have in the least changed any of the 
actual results that we reached then by the conduct of the 
dogs upon which we operated. 

The enlargement of our knowledge has, however, led to 
a series of different theories as to the significance of those 
centres. The chief theories are: (1) The motor m 
and (2) the sensory theory. 

The Eencpe representative of the motor theory is D. 
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Ferrier,! a scholar to whom, as all know, the physiology 
of the brain owes, among other things, the discovery of a 
number of new facts in the realm of the excitation experi- 
ments. In the question now under: consideration he pro- 
ceeded from paralysis experiments, which he made in the 
motor region of apes. He reached therein, we use his own 
words, the following conclusions: “ That the thus produced 
affection is a purely motor one, and the centres or regions 
in question are strictly motor, but motor in a special or 
limited sense, viz., psychomotor,” and that “ strictly cortical 
lesions of the motor area.do not cause anesthesia in any 
form, and it may be laid down as a rule, ‘to which there are 
no exceptions, that if anesthesia is found along with motor 
_ paralysis, the lesion is not limited, to the motor zone.” 
“Though an animal does not react so readily to sensory 
stimulation of the paralysed side, it does not follow that this 
is due to diminished or absent perception of the stimulus. 
An animal may not react or react less energetically to a 
sensory stimulus, not because it does not feel it the less, 
but because it is unable, or less able, to do so from motor 
defect.”* 

Ferrier declares in this way most decidedly that sensory 
disturbances are lacking, while other authors, and among 
them especially. Munk’ and Mott, and of late also 
Bechterew,” declare in just as decided a manner that 
they are present. Besides, even Ferrier has a short time 
ago in co-operation with Turner® in large experiments of 
extirpation found hemianssthesia combined with hemiopia. 
But all these symptoms are explained by the latter, author 
“by a dynamic influence exerted by.the magnitude of the 


! D. FERRIER, “The Functions of the Brain,” second edition, 1886. 

2 Ibid., p. 362. 

® Ibid., p. 878. 

t Ibid., pp. 374, 375. 

5 MUNK, “Ueber die Functionen der Grosshirnrinde, > 2 Aufl., 1890; 
and “Ueber die Fühlsphären der Grosshirnrinde.” Sitzungsberichte der 
Akademie der Wissensch., 1892-1896. 

5 FREDERICK W. Morr, “ The Sensory function of the Central Convolutions 
of the Cerebral Cortex,” Journal of Physiology, vol. xv., 1893. 

7 BECHTEREW, “ Ueber corticale Centren beim Affen, Newrologisches Cen- 
tralblatt, 1898, p. 140. 

3 PERRIER and TURNER, “An Experimental Research,” &c., Philos. Trans- 
actions, vol. exe. B., 1898, pp. 1-44. 
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lesion on the sensory centres or tracts which were not 
organically injured.” “ This explanation receives support 
from the fact that in smaller cerebral lesion—for example 
after the removal of the so-called ‘leg area’ alone—no such 
symptoms occurred.’ 

Finally, a very short time ago Schäfer? has come over 
altogether to Ferrier’s side, in so far as he states that apes, 
after larger or smaller extirpations in the motor zone, still 
felt the slightest touch of a straw, &c. Actording to him 
“it cannot therefore be the case that the motor paralysis 
which is produced by a lesion of the Rolandic area is due 
to a sensory distw'bance. And it also follows that tactile 

sensibility is not localised in the same part of the cortex 
` from which voluntary motor impulses directly emanate.” 
We perceive that we have here astonishing differences of 
opinion as to observations of what is purely matter of fact, 
such differences as in other cases scarcely occur in reference 
to explanations. 

My own experience as to the ape does not put me ina 
position to pass a judgment of my own in.this question. I 
can only do this by way of conjecture, and by using the 
further literature as well as the experience I have had as to 
the dog and as to man. “But even with reference to the 
dog, Ferrier speaks no less decidedly. He declares that the 
‘ sensibility is not injured by lesions in the motor zone even. 
of these animals, and says in so many words: “It is 
inconceivable that brains constructed on the same ana- 
tomical type, should differ fundamentally in their physio- 
logical organisation, and we may well assume that, however 
much the facts of experiment on the motor centres of dogs 
may appear opposed to those of monkeys, they are not so 
in reality !* 

If we remember one of those theses of Higihiups Jack- 


! FERRIER and Turner, “An Experimental Research,” &e., Philos. 
Transactions, vol. cxc. B. , 1898, p. 36. 

2 A. SCHÄFER, “On the Alleged Sensory Functions “of the Motor Cortex 
Cerebri, Journal of Physiology, vol. xxii, No. 4, Nov. 25, 1898, 

2 Ibid., vol. xxii., p. 812. 

iD., FERRIER, “The Functions of the Brain,” p. 361. 
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son, that the single elements of the subcortical centres in 
the cortex are pressed farther apart by the intrusion of 
other organisations, we can concede the last sentence, but, 
as we shall still see, without reaching the same conclusion 
- as Ferrier. 

It can under ‘no circumstances be in any way doubted 
that any lesions at all in the motor part of the gyrus 
sigmoides of the dog are always and without exception 
combined with disturbances which affect the sensibility of 
the whole limb, that is to say, of the skin, of the muscles, of 
the joints, &c., and that these disturbances can in no case 
be an illusion caused by purely motor disturbances, or, more 
correctly expressed, by a “ motor defect.” In this reference _ 
to a matter of fact I agree with Schiff, Goltz, Munk, and 
the others, that is to say, with authors whose views I in 
other respects most decidedly oppose. If, then, Ferrier is of 
another opinion on this point, that can only be based upon 
the circumstance that he has not yet fully enough studied 
these “motor disturbances ” of the dog. 

Since the dog then undoubtedly shows dba of 
‚bis sensory functions as a consequence of those lesions, it 
appears to me to be a priori impossible, or to speak with 
Ferrier, it would be ‘‘incomprehensible” if such dis- 
turbances were not to be observed in the ape. The reasons 
why they have escaped individual observers may be of a 
manifold description. ‘They may, for example, depend upon 
the differences in the extent and-depth of the lesion; 
this would agree with the fact that Ferrier and Turner 
found hemianesthesia in the case of great extirpations, 

whereas Ferrier alone, in what appear to have been smaller 
“ extirpations, did not find hemianesthesia. On the other 
hand, we cannot deny the correctness of Schäfer’s conclu- 
sions, when this distinguished scholar, after he had found 
the sensibility intact in the palsied limb of the ape, says’ that 
the motor paralysis could not possibly be based on a totally 
` imperceptible sensory disturbance. However, I shall have 
to return to this ‘question in discussing Munk’s doctrine. 

The theory according to which the disturbances men- 
tioned, ahd therefore also the normal motor actions, are to 
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be referred to disturbances of the sensory functions, has 
been very differently expressed by different authors. 

The first one whom we have to name here is, Schiff,! 
to whom, aside from the ‘discovery of many other important 
facts, we owe the discovery of the cortical sensory dis- 
turbances. To put it briefly, in almost all his works 
Schiff considers the disturbances of motion that are to be 
observed in dogs to be first of all the consequence of a 
disturbed ‘sensation in the skin, of a distfirbed sense of 
touch, but is not willing to have either one symptom or 
the other referred to the lesion of cortical centres. On 
the contrary, he denies the existence of such centres. ` 

' We can dispose very quickly of the series of proofs which 
he bases upon his explanation of the effects of electrical 
stimulus. For in the complete edition of his essays, 
although he formally declares that he still holds to his old 
opinion, he simply omits the plan chosen to demonstrate his 
‚theory and all the arguments based upon it, after I had 
proved to him its internal impossibility.  - 

Nevertheless, he has not had much better FA in his 
considerations as to the results of the paralysing experi- 
ments. Ferrier, as we have seen, regarded the cortical 
disturbances of motion as purely motor and rejected any 
and every concurrence of sensibility, whereas Schiff asserts 
precisely the opposite, namely that the destruction of these ` 
centres produces no motor paralysis at all, but merely 
destroys the sensibility to touch and therewith the conscious- 
ness of the position and situation of the limbs. Schiff has at 
_ every opportunity accused ‘me of changing my view as to 
the motor nature of those disturbances of motion, and 
has claimed that our views are no longer very far apart. 
This last may to a certain degree be the case, but the first is 
totally incorrect, since I never spoke of a purely motor func- 
tion of these centres in the sense that Schiff attributes to 
‘me. I have from the very beginning and without any 
cessation, as I have just represented it, designated these ~ 
disturbances as disturbances of the perceptive activity. On 
the other hand Schiff has himself in the course of the years 


1 ScHIFF, Gesammelte Abhandlungen. 
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changed -his opinion in the greatest measure conceivable. 
For he has at last not merely reached the position that I 
have held from the first, but he has also in reference to the 
ape and with the aid of a number of considerations, which 
are-altogether my own, with all decision expressed the view 
that motor paralysis can be produced by lesion of those 
cortical centres. : 

Schiff did, it is true, originally concede the existence 
of such centses in general, but he repeated over again 
that they could not lie in the cortex -but must lie down 
below, and he heaped up proof after proof of this. Later he 
allowed this question to fall altogether out of the discussion. 
Originally, as we have said, he was only willing to deduce 
the disturbances of motion from a disturbance of the 
sensibility of touch. Later, however, he refers them to 
disturbances of the consciousness of the limbs and of the 
external parts of the body, that is to say, he explains them 
precisely as I do, and even citing my own words. And 
finally, Schiff has himself expressed the opinion that, as we 
ascend.in the series of animals, centres advance from the 
subcortical regions even into the hemispheres, and this 
might in particular well be true of the centre of locomotion. 
In connection with this, from the fact that an ape does 
not grasp a fig which it clearly wishes to seize, he concludes 
that a paralysis is present similar to that of the hemiplegic 
man. ‘Therefore, in his own words, a centre that mediates 
motion—a moving centre—must be injured. And if he had 
injured it by his operation, it must then be present at the 
place operated upon. 

A more complete conversion than the one “depicted is 
scarcely possible, for it goes very much beyond thé measure 
that we observed when we treated of the successive works of 
Goltz. 

~ Munk for his part assumed at the outset a totally different 
position. Whereas Schiff referred the disturbances of motion 
that. were observed exclusively to. the lesion of sensory ways 
in the cerebrum, and denied almost to the end the existence 
of cortical centres, Munk! on the contrary stood up from the 


ı Munk, Ueber die Functionen der Grosshirprinde, 3. Aufl. 
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beginning for the strictest localisation of the cortical func- 
tions and that to a degree which in certain respects goes far 
beyond my own views. On the other hand, he also refers 
the motor disturbances now under consideration to lesions in 
the sensory sphere, it is true more in appearance than in 
fact. I say “more in appearance,” because he designated 
the parts that I called partly excitable! partly motor? region, 
by the name “independent spheres cf feeling.” 

As a matter of fact Munk himself in his first communica- 
tions named this section of the cortex a “ motor sphere,” and 
it was not until his third communization in the year 1878 
that he used the name “ sphere of fesling,” supposing at the 
same time that he could thereby lead to a deeper understand- 
ing of this section of the cortex. He thought that he could 
compass this by localising all the feelings and the concep- 
tions of feeling of each part of the body, that is to say of the 
skin, of the muscles, and the innervation feeling and con- 
ceptions of feeling, excluding, however, the common sensi- 
bility in the respective part of the sphere of feeling.” Accord- 
ing to this we have to do in the sphere of feeling only with 


perceptions and conceptions which fow from the sensations 


of feelings, and therefore the conceptions of motion alone 
in the sphere of feeling are the causes of the so-called volun- 
tary motions.‘’ Correspondingly, lesions of these spheres 
produce according to their size the temporary or permanent 
loss of a part of, or of all, feeling and conceptions of feeling 
of the part of the body in question—psychical paralysis, or 
cortical paralysis of that part of the body. 


f 

1A remark is here necessary against Ferrier. On page 225 of the second 
edition of bis work, ‘‘The Functions of the Brain,” he has thought it neces- 
sary to observe, against my word “excitable ” that there is no reason to 
assume that any parts of the cortex are not excitable. This observation is a 
stroke into the air, for he will find that on page 19 of my book, “ Untersuchun- 
gen über das Gehirn,” in the footnote, I have defined the expression “ uner- 
regbar’’ (not excitable) in the following words: “ We call here, without any 
prejudgment, all those parts ‘not excitable’ from which we can produce no 
twitchings.” ’ 2 

? As for the expression “ motor,” I have repeatedly defined what I wish to 
be understood by this word, which I use for ths sake of brevity. On page 65 
of the work cited in the foregoing note, I rrotested, among other things, 
expressly against Mr. Ferrier’s statement whch makes me say that I had 
produced paralysis by experiments in extirpaticn. 

°Munx, Ueber die Functionen der Grosszirnrinde, 2.. Aufl., p. 32 and 


' pp. 38, 39. 
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First of all we must contest some of this doctrine as not 
correct, or, at any rate, not proved. Even if it be correct— 
and that follows clearly enough from Schiff’s experiments— 
that the conceptions of feeling axe injured by lesions in these 
` spheres, I see no proof advanced for the statement that this ` 
also holds good for feeling, at least so far as the cortex is 
directly concerned. Indeed, it is for a priori and experi- 
mental reasons very probable that all feeling is formed sub- . 
cortically and #hat only its apperception as well as its endow- 
ing with local signs takes place in the cortex, and we must not 
forget that the emphasizing of the relations of the local signs 
to the cortex is one of Munk’s services to our science. In 
so far then as an injury of feeling itself occurs, it is prob- 
ably to be referred to a checking of the functions of the 
subcortical organs. Munk was finally compelled to concede 
this, although at first only in the sense that even the sensa- 
tions of pain from the extremities arise in the opposite 
extremity regions,’ whereas he had originally excluded their 
participation in those apperceptions. In so far then as the 
dog is concerned, there is at present not the least reason to 
doubt the doctrine that in the extremity regions only the 
conscious working over of all the feelings that arise subcorti- 
cally to more or less well localised conceptions of feeling takes 
place. In the second place, it is not correct to say that all 
the parts of the sphere of feeling behave alike in the rela- 
tions mentioned. Only a short time ago Eckhard? proved 
that “the cortex field of the orbicularis had no influence on 
the reflex activity of the subcortical centre for the motions 
of the eyelids.” 

And finally the theory as to the origin of the muscular 
motions from this “sphere of feeling’’ needs a limitation 
which we shall make in a moment; but, with this limita- 
tion, Munk’s theory agrees so exactly with the theory that 
I myself suggested, that it is impossible to accede to his 
claim that he himself first showed the way 'to the due 
understanding of the functions of these regions. You will 


'Monx, Ueber die Fühlsphären der Grosshirnrinde, Sitaungsber, I. Mittei- 
lung, p. 31, 1892. 

? ECKHARD, C., “Das sogenannte Rindenfeld des Facialis in seiner 
Dg zu den "Blinzbewegungen,” Centralblatt f. Phys. a xii., No.1. 
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remember that I had defined in general the character of the 
disturbances mentioned “ as disturbances of the conscious- 
ness of the extremities as well as of the power to form for 
oneself complete conceptions of them,” and it will not have 
escaped you that in this general definition Munk’s definition 
is contained so far as it is correct. Furthermore this defini- 
tion leaves room for enlarging the latter at pleasure, ‘an 
enlargement which I at a later date, and that with reference 
to certain disturbances that arise in case o£ lesion of the | 
extremity region, disturbances in the influence of the objects 
-of sight upon the movements of the animals, shaped as 
follows; namely, that in consequence of such lesions external 
circumstances—sometimes of the muscles (&c.), sometimes 
of the objects in space—are not taken into account by the 
sensorium for the movements of the limb affected, but only 
for these." As for the rest I have in another. essay touched 
upon the question—‘‘ whether the centre that is thus brought 
forward be the organ that alone rules the muscular move- 
ment in question, or whether there be still another motor 
organ within the same chain of action.” This question I 
answered in the sense that Munk later accepted, that ‘I 
found the cause of the so-called voluntary movements not 
only in the conceptions of motion in the sphere of feeling, 
for this is not correct, but that I also beheld in them one 
of these causes and a necessary component of these motions. 
In fact the conceptions of motions in themselves lead only 
in a limited range of cases to movements, and in all other 
cases there is need of the intervention of another excitement 
of the senses or of an intellectual occurrence in order to 
disengage the a pasi of movement and therewith the . 
act of motion. 
Before I pass on to the presentation of my own view as 
.to the nature of the functions of those centres, you will 
permit me to remind you that a glance at what I have 
already said teaches: (a) that the scholars who have 
De themselves most tpareiculerly with the experimental 


1 Hrraic, “ Untersuchungen über das a ” Neue 10 Folge, Reichert’'s und 
Du Bois-Reymond’s Archiv., 1876, H. 5, S. 705 
2 Untersuchungen über das Gehirn, 1874, P- GOF. 
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study of the bräin, have finally, even if in part after long 
struggles, acknowledged, even if in different degrees, the 
differences of value in the cortex and therewith the localisa- 
tion of the psychical functions in this organ ;—(b) that all 
scholars without exception have come to the opinion that 
by lesion in what I call the motor zohe ‘the motions of the 
animals are impaired ;—(c) but that there are differences 
of opinion as to whether only the motor functions or whether 
other functions also areinjured, so that from this point again 
differences of opinion arise as to the reason for and the 
method of origin of the motor functions and of their dis- 
turbances; although these reasons are it is true sought by 
most authors, in agreement with the view expressed by me 
.at the outset, in the conceptive activity or in a disturbance 
of the conceptive activity. 

If we follow up the further reasons for the differences 
of opinion which still obtain, we shall find that they consist 
in the main in two circumstances : . 

© (1) In the fact that the knowledge won by a number of 
scholars touching various animals and man has been applied 
without sufficient respect to the anatomical and physio- 
logical differences of the brains of these species. 

(2) In. the fact that functions, which were more or less 
lost after such lesion, really or apparently return. 

I shall reach the exposition of my own views most simply 
if I try to dispose of these difficulties, so far as that is 
possible in the present state of our knowledge, and if I 
therein start out again from the brain of the dog, the 
functions of which are best known to me from my own 
experiments. i 

The disturbances in motion, which follow upon lesion 
of the gyrus ‘sigmoides of this animal, may be divided into - 

` various groups. We are well acquainted ‘with the dis- 
turbances which I myself first described and which in the 
main consist in the circumstance that the dog, actively, 
brings his extremities into abnormal positions, and that it, 
passively, allows them without opposition to be brought 
into such positions. I myself at that time referred these 
peculiar phenomena to the lack of the conceptions which 
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the normal dog forms of the onen of -his organs of 
motion and especially ‘of his muscles. Since then Charlton 
Bastian." has uttered a ‚similar view, one however that, so 
` far as the dog is concerned, I cannot accept entirely as my 
own. According to his view those motor centres are centres 
for the totality of kinesthetic impressions. But we shall 
soon see that they ‘possess a more money measured 
importance. 

They certainly serve, however, a.so for tHe nat 
working up of the kinesthetic impressions, and it is not 
without value that we should sum up the totality of these 
impressions, as Charlton Bastian has done, under the name 
kinesthesis. Lately I have, with reference to numerous 
works of others, tried to show that the totality of these 
impressions, that are supplied by the various apparatus 

` that serve for orientation and. locomotion, are wrought over 
` to conceptions of a lower order touching the relation of the 
body and of its single parts to space, and that then the 
` organ of consciousness, the cortex, deals with these con- 
ceptions of’a lower order as with a given whole, without 
being able to pierce into its details. The place: in which 
this last process, so far as it is possible ‘to fix it, is effected, 

-is according to the results of our researches the gyrus: 
sigmoides, in man therefore a part of.the Rolandic region. 

The determination of this method of viewing the case is 
of the more importance, because all. the corticopetal, and 
probably, with certain modifications, also all the corticofugal 
‘processes proceed in a like manner. 

The conceptions of feeling which we obtain from pain- 
less handling of the organs of the skin, do not directly 
belong to the kinesthetic sensatiors, although they doubt- 

‘less stand also in close relations to the motions. I already 
mentioned above that they also may bein a high degree and 
in part lastingly injured by lesions of the gyrus sigmoides.. 
It is true that some, as for example Charlton Bastian, have 
denied that we can learn anything worthy of belief from 
animals about their conceptions of feeling. But I cannot > 


1 Omarnron Bastian, “The muscular sense its nature and ‘cortical 
localisation,” BRAIN, April, 1887. 
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agree with this view to its full extent. For we do learn 
sufficiently reliable points as to the- internal processes in 
animals by means of motor reactions that follow with the 
regularity of law. We may, I concede, still remain in 
doubt upon the basis of the single experiment, as to whether 
these reactions take place under the concurrence of con- . 
ceptions or not. Nevertheless comparative researches give 
us information about them with a probability that verges 
upon certainty? I learn then from the dog that has been 
operated upon, by the unilateral lack of the usual motor 
reactions, that the sum of his kinesthetic and tactile 
impressions is no longer applied to the formation of con- 
ceptions for the member affected. 

I have not spoken on this occasion of pain-exciting 
impressions, and I shall even now only say briefly that I 
regard the search for cortical centres for these—a search 
which has been chiefly practised’ by English scholars—as 
. hopeless, for the very simple reason that dogs that had 
been robbed even of their whole cerebrum still showed to 
Goltz! upon the usual attacks the usual utterances of pain. 
According to this and according to the sum of the further 
experiments in this line, into which I cannot enter singly, 
the feeling of pain must, analogously to the kinesthetic 
sensations, be formed subcortically. It is, however, in the 
highest degree probable that this feeling, in contrast.to these 
sensations, is apperceived in broad sections of the brain 
cortex as a conception of pain, and that it is only in so far 
provided with local signs as thé pain-exciting stimulus that 
touches the outer skin is accompanied by the touch stimulus 
which is accompanied by local signs. 

In addition to the motor disturbances mentioned, there 
comes yet another group, out of which I myself described a 
number of symptoms as long ago as the year 1874.” The most 
important thing consisted in the fact that the dogs operated 
upon, as already referred to, with their’ affected forepaw 
blindly step into the air from the edge of the table, even 
when their power of sight is not destroyed. They behave 

1 Gorrz, “Der Hund ohne Grosshirn,” Pfliiger’s Archiv., Bd. 51, 1999, 


2 Hırzıs, * Untersuchungen über das Gehirn,” Neue Folge, i iv., Reichert’s 
and Du Bois-Reymond’s Archiv., 1874, S. 440. 
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then, as I already at that time stated, as far ‘as their fore- 
paw is concerned, as if for this member the power of sight 
did not exist, or as if the impressions of sight were not 
applied to forming conceptions for it. An observation of 
Goltz as to the tongue points to the same thing, although 
this scholar has never been willing to join me in my method 
of viewing the facts. It is, as is well known, not possible . 
to grasp with the fingers a sound dog’s tongue that is 
hanging out; but if we extirpate the corresponding centres 
it is easy to grasp it. Therefore here also visual concep- 
tions of the dog are no longer applied for the motions of the 
tongue, ‚which are as for the rest not impaired. 

The third group of motor disturbances comprises such 
as present most or all the characteristics of paralysis.as we 
so well know it in man, and which have been designated 
by the motion of the paralysis of isolated, intentional 
motion. I have already mentioned above the description 
Schiff gave of such a paralysis produced in the case of apes, 
in so far as such animals run and climb, but are not in a 
position purposely to grasp a fig with the paralysed hand 
and to put it into their mouth. Goltz was the first one to 
describe precisely the same condition for the dog, in so far 
as dogs, who have learned tricks, lose after the operation 
the power to give the paw. In the same way we must 
explain the conduct that I have described in the case of a 
dog thatis hanging in the air, and who is not able to draw 
away by itself the paw that is hanging down stretched out 
and paralysed, when it is threatened with a sharp'pin. 

In all these cases we see that the further conceptions of 
the animal, the total of which we are accustomed to call his 
will, in whatever field of the senses they may have arisen, 
are no longer in a position to excite the motions that are 
necessary to the carrying out of the will, the moment that 
the centre I have named is extirpated for the fore-limb. 

The relation of the gyrus sigmoides to the faculty of sight 
assumes a very peculiar position in these considerations. 
Goltz had originally asserted that the faculty of vision was 
affected just as much by lesions in the frontal as by lesions 
in the posterior lobe. Even if he did later, as already men- 
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tioned, modify this statement in so far a& to declare that the 
power of sight was more severely and lastingly injured by 
lesions in the posterior than by lesions in the frontal lobe, 
that did not change the doctrine that the frontal lobe stood 
in direct: relation to the power of sight. Munk indeed has 
constantly denied any such relation, since he referred the 
disturbances of vision that occurred in the case of such 
lesions to subsidiary lesions which were supposed to have 
affected his sphere of sight. Nothing can be more incorrect. 
than that. I myself had long ago confirmed the simple fact, 
and the same confirmation has been offered by numerous 
other scholars, for example, Exner and Paneth and Luciani. 
Of late, however, I have established the fact that such 
disturbances of vision arise under circumstances that exclude 
every subsidiary lesion. 

The question now arose whether the dog had only one 
cortical centre of vision in the occipital lobe, or whether 
be had still another in the motor sphere. This question 
seemed open to experimental solution on the basis of the 
following considerations:—If the dog, according to the 
latter assumption, really possessed two such centres, then 
the successive lesion of these two centres must produce a 
summing up of the disturbances of vision. But if we wait 
until the disturbance of sight that has occurred after a 
superficial lesion of the occipital lobe has disappeared and 
then follow it up by a superficial lesion of the gyrus sig- 
moides, there will not only be no summing up—that is, the 
vanished disturbance of vision does not reappear in an in- 
” creased measure—but it will even not appear at all. It 
follows from this that the disturbance of vision which arises 
after lesions in the motor zone is only indirectly dependent 
upon this zone, that the latter does not serve for vision, and 
that in consequence the disturbance of vision can only be 
based upon a process of inhibition that is passed on into the 
centres of vision. ' 

If anything at all can confirin the doctrine of the local- 
isation of the functions of the brain and remove the last 
doubts that were conjured up by the Goltz experiments, it 


is this fact. The true nature of the motor centres appears " 
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to be perfently. cleared up by it, acd the ways are pointed 
out by means of which the individual fields of the- brain 

cortex influence each other, as well as the manner of this 
` influence. 

If we wished to- apply the iouis thus gained from 
the dog to the primates, we should strictly speaking have 
to draw into consideration to a large extent the comparative 
physiology of motion. But I must waive that and limit 
myself to the consideration of the -facts lying - nearest at 
hand. 

The most striking. ‘fact consists in. any case in the cir- 
cumstance that the exceedingly manifold disturbances in 
the psychical functions of the dog can be induced by an 
exceedingly slight lesion of the gyrts sigmoides, whereas far 
larger lesions in the motor zone of the ape give occasion to - 
RR less pronounced. and complicated phenomena. We 
: observe the same thing, and that in a much more pro- 

nounced measure, in the case of lesions which touch the 
Rolandic region in man. But if we descend in the series of 
animals; from. the dog downwards, we find that the lower the 
animal stands in this series, the fewer and fewer’ portions of 
. his motor system are represented.in such a way in the brain 
cortex, that their existence would >e provable by means of 
‘the electrical stimulus, and that the isolated intentional 
movement of these portions would be destroyed by the ex- 
tirpation of the brain cortex. Frcm this we may draw the 
general law, that on the one hand with the progressive 
development of the individual and of the brain constantly 
more and more central organs advance from the subcortical 
up into the cortical sphere and become subject to the con- 
sciousness, and that on the other hand these organs, as the 
consciousness developes itself more and more, are moved 
farther apart from each other by the fact that their separate 
elements differentiate themselves more and more and asso- 
ciate themselves perhaps with new formations which serve 
consciousness. If the disturbances of sensibility are lacking 
in the case of relatively large lesions in the Rolandic zone of 
the ape, and only occur just like temporary disturbances. of 
. vision in the case of very great extirpations,—if disturbances 
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of sensibility are wanting in 60% of the cortical lesions of 
this region in man,—and especially if what Wernicke calls 
“tactile paralysis ” is only ‘met with in comparatively rare, 
cases,—all this points by no means to a fundamental differ- 
ence in the organisation and in the physiological functions 
of the animal and human brain. On the contrary we can 
_ Only conclude from this that the individual cortex fields 
must be extirpated to a particular extent and in a particular 
combination, i$ those peculiar disturbances are to be pro- 
duced in the formation of the conceptions which proceed . 
from the physiological changes in the organ of the skin and 
in the kinesthetic organs. And further it is necessary so to 
arrange that extent and combination, as that the formation 
of these conceptions be not hindered by contemporaneous 
motor or intellectual paralysis. 

' Iam very far from saying that the relation of sensibility 
to mobility or the representation of sensibility in the brain 
cortex of man is fully explained. On the contrary, I think 
that the most important tasks of the near future lie in this 
direction. But I also believe that the way in which these 
tasks are to be solved is designated by the course of thought ` 
that I have just sketched. 

The other difficulty above mentioned, The apparent 
restoration of functions that were apparently lost, is to be 
solved by similar considerations. 

We have known for a long while that animals of a lower 
order without a cerebrum or with only a rudimentary 
cerebrum are capable of very complicated forms of motion 
that are excited in a reflex way and that are mediated by 
. special lines of communication with the intercentral and 
centrifugal course of which we are but imperfectly 
acquainted. In higher animals there is associated with 
this system a second motor system that stands in manifold 
relations to it and that serves for conscious arbitrary motion. 
This second system starts in the motor centres to which 
I have referred and takes its course in the pyramid tract, 
which constantly developes itself more and more with the 
higher development of the animal. “If we extirpate these 
centres and these tracts it is true that conscious arbitrary 
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motion ceases in the accustomed forms and up to a certain: 
degree in such animals and to a far higher degree in man. 
Nevertheless I had already said in my first treatise: “it is 
certain that in this case still further places and courses 
must stand open for some motor impulse or other in order 
that it may be born and may speed away to the muscles.” 

Since then we have learned, by the experiments of Goltz 
and Munk, that what I then proved for the centres of- the 
extremities also holds’ good for experiments with the- 
removal of all motor centres. The experiments of E. A. 


- Schäfer,' H. Munk? and others, have further taught in 


what way motor impulses from other than the motor 
regions of the brain cortex of the animal can become 
effectual: they have shown that conjugated eye and head 
motions occur upon excitation of the occipital lobe, that is. 
to say motions that are to be paralleled with the ‘locomotor 
associated motions of the animals. From this alone it was 
then to be concluded that such associated motions were: 
not started merely by the motor region but also from large 
districts of the brain cortex. 

Another series of experiments leads us to similar con- 
clusions. Schiff? had proved that arbitrary motion was not 
destroyed by cutting through the pyramids. These experi- 
ments have with like success been prosecuted of late in a 
more precise way with manifold variations by Starlinger,*: 
Redlich, Prus, H. E. Hering,” and others. A series of 
these experiments showed that the electrical excitation of 
the cortex, even after the cutting of these courses of com- 
munication, still called out epileptic-like and other motor 

! E. A. Schirer, “On Electrical Excitation of the Occipital Lobe,” &c. 
Proc. Royal Soc., 1888, vol. xliii. “Experim. on the Electrical ‘Excitation, 
&c.” BRAIN, 1888. 

2 = MUNK, “ Sehsphäre und Augenbewegungen,” Sitzungsberichte, 1890. 

3 SCHIFF, Lehrbuch der Physiologie, 1858, 1859, S. 306. 

1 STARLINGER, “Die Durchschneidung beider Pyramiden beim Hunde,” 
Jahrb. f. Psych., Ba. xv., 1897. 

5 REDLICH, “ Beiträge zur Anatomie und Physiologie der motorischen 
Bahnen bei der Katze,” Monatsschr. f. Psych. u. Newrol., 1899, Bd. v. 

ë Prus, “Ueber die Leitungsbahnen und die Pathologie der Rinden- 
epilepsie,” Wien. klin. Wochenschr., 1898. 

’H.E. HERING, ‘ Ueber ‚Grosshirnrindenreizung nach Durchschneidung 
der Pyramiden oder anderer Teile des centralen Nervensystems mit besonderer- 
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stimulatory effects, and they thus proved that the’ motor 
part of the cortex commaads those, subcortical centres and 
the courses of communication that radiate from them; 
these radiating courses probably continue, according to the 
researches of Redlich and of H. E. Hering, through the 
tegmentum of the crus rerebri, and according to the re- 
searches of Homén,! and especially of Redlich, in the spinal 
marrow, probably in the fasciculus marginalis anterior and 
in the fascicules intermedb-lateralis. 

That restoration is therefore no longer in the least 
surprising. If in the corthally maimed dog and in a certain 
sense also in the ape we æt first observe a confused mixing 
up of, or even a total lacı of, the motor expressions, that 
is to be explained, so far as obstruction or shock effects do 
not occur, by the fact that the remaining motor impulses 
are given off in an unaccustomed and irregular form; and 
then with the cessation of the shock effects there gradually 
arises an accommodation so the new conditions and at the 
same time a breaking up of the way upon still existing 
courses of communicatior. Munk has tried to follow up 
and explain in a detailed way that which I here call the 
“breaking up of the way” but I am not able to grant to. 
his essay more than the velue of a hypothesis. 

If we now, according to the task set us, compare the 
standpoint of science to-day with the theories that Hughlings 
Jackson set up thirty years ago,:we find, as must be expected 
from the defects attaching to human research, that some of 
his views have as a whole or in single parts needed to be, 
corrected, while doubt to-day still reigns as to others, but 
that the most essential >f them have found a brilliant 
confirmation at the hands of physiological research,—to say’ 
nothing of clinical and anetomical research. If we turn our 
eyes from that which will gradually pass into forgetfulness, - 
we must.in the first place amphasise, as an indelible leaf in 
the history of medicine, -ackson’s doctrine of the cortical 
convulsions, both the general principle of the charging and 
of the discharge that maxes inroads on the neighbouring 


i Homin, Contribution ne å la pathologie et å l'anatomie de la 
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domains, and the numerous details >y which this principle 
was explained and firmly grounded; in it especially the 
part determining the muscles in which the cortical fit 
begins and the sequence in which they are affected by the 
fits after different beginnings. 

In close connection with this stands the theory which 
sought the cortical motor centres in she region of the arteria 
fossæ Sylvii, and especially which brought the centre for the 
muscles that serve speech into local relatfons with the 
Broca convolution. 

I am likewise convinced that hs view of the cortical 
combination of motion and sensazion has proved to be 
correct in principle. Both this view and the doctrine of 
the cortical pressing apart of subcortical unities by new 
combinations, will certainly in the future play a leading 
_ part in our views of mental occurrences, even though it may 
seem necessary to round out or to correct many a point in 
detail. The general relation also of the subcortical forma- 
tions to the cerebral mechanism appears precisely, according 
to the latest researches, again more in the light in which 
Hughlings Jackson and the elder school viewed it, although 
the original argument for those views of Dr. Jackson’s 
proceeded from an erroneous presupposition as to the part 
played by the internal capsule anc the neighbouring gray 
matter. It may also to-day even still appear doubtful 
whether these gray masses are capable of an independent 
primary charging, or only of a secondary one through the 
cortex. 

Taking it all in all we see, even in the part of Dr. 
Jackson’s scientific work that I have described, the work 
of a man of whom any nation meg rghtly be proud. 


The first physiological treatise in the field which we 
have entered upon to-day, remained for years unnoticed 
because of the thunder of the cannon which altered the 
fate of Central Europe. In the devalopment of more peace- 
ful times a literature that we can scarcely compass has 
attached itself to this treatise. We, too, we labourers in 
the realm of the natural sciences, to whatever nation we 
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belong, are soldiers and form an army, but an army that 
knows of no separation into different camps as a result of 
national or other interests, an army that is united in the 
one interest, in the search after truth, in the battle against 
ignorance and against all the hindrances which some men 
would like to oppose to our endeavour to reach our ideal 
aims. It may count as an expression of the mutual 
character of our cause that I, as a foreigner, was called 
to-day to do honour to a scholar of this country, and for 


this reason also I have discharged this flattering task with 
joy and pride. 
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THE subject of the condition of the medullated fibres of 
` the cortex cerebri in persons dying insane has not attracted 
` much attention. 

In 1884 Tuczek published his “Contribution to the 
Pathological Anatomy and Pathology of Dementia Para- 
lytica,” the research being concerned, as the title indicates, 
with a particular form of mental disorder. He found.in all 
cases (seventeen) more or less considerable atrophy of the 
medullated fibres in certain areas of the cortex. In six 
control cases of other forms of mental disease, Tuczek got 
only negative results as regards nerve-fibre atrophy. Zacher, 
at a later date, examined for disease of the medullated fibres 
in various kinds of psychoses, and found that these were 
atrophied in other conditions as well as in paralytic dementia, 
thus modifying Tuczek’s views. Zecher’s work is the fullest 
with which I am acquainted, and I have found a comparison 
with his results very useful, the investigation being of an 
analogous nature with the present, though in methods of 
preparation of specimens and’ other points there are differ- 
ences. Tuczek employed Exner’s osmic-acid-glycerine 
method, but the well-known disadvantages attaching to 
this—such as lack of durability, swelling of sections, cost 
of osmic acid, the fact that small sections only can be 
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examined, and that in oedematous states of the brain some 
of the medullated fibres will not stain with osmium —have 
led to its abandonment in favour of the hematoxylin methods 
based on Weigert’s process. A doubt may, however, be 
permitted as to.whether these methods bring out the finest 
medullated fibres as well as in Exner’s process. 

Zacher worked with Friedmann’s process, but the 
objection to this and the Friedmann-Flemming’ modifica- 
tion is, as he fecognises, that the outermost zone is liable to 
be stained too deeply by the osmic acid employed, and thus 


the fibres there are obscured; further, the preparations are . ' 


not uncommonly unsuccessful, for some unknown reason. 
T. Kaes, whose writings upon the medullated fibres of 
the cortex are well known, has strongly recommended 
Wolters’s method of staining the fibres. This is also known 
as the Kultschitzky-Weolters method, because the hema- 
toxylin solution used is that recommended by the former 
(hematoxylin pur. cryst. 1:0, ale. abs. q. s. ad solv., acetic 
acid 2 per cent. sol. 100°0). Sections are left for twenty- 
four hours in the stain in the incubator. Kaes recommends 
that they be left for two to. three days at 42° to 45°. He 
considers the method superior to Weigert’s, and equal in 
results to that of Exner. It brings out the finest fibres. 
Kaes continues to speak well of the method in his later 
writings, and Passow, writing in 1898 upon the medullated 
fibres in certain gyri in sane persons, says that after four 
years’ use he cannot speak too higlily of the Wolters’s 
method as modified by Kaes. This modification consists 
in the employment of Flemming’s solution in place of 
Miiller’s for hardening. By this means Kaes finds that 
even better results are obtained; the tangential fibres 
especially are well brought out. Our experience is that 
an undesirable shrinkage of. tissue occurs when Flemming’s 
solution is used ; also, that the outermost zone of the cortex 
is frequently obscured by a black deposit. But as regards 
the Kultschitzky-Wolters method we are quite able to 
endorse the experience of Kaes and Passow. We find that 
the fine fibres are very well brought out and that the 
durability of the stain is considerable. It is now two years 
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since this work was commenced, and a very large proportion 
of the sections show undiminished stain. The increased 
vascularity often present in morbid sections of cortex is well 
brought out. 

In order to secure more certain results we have kept 
sections, as a matter of routine, in the stain for seven days 
in the cold, and thereafter for two days at a temperature of 
38° to 40°. Brittleness has but seldom been a source of 
trouble. . ey 

Except in the earliest cases, sections were taken from 
the precentral ‘region, central gyri, temporal and occipital 
regions. In the earliest cases the section did not comiprise 
more than a single gyrus, or two gyri, with intervening 
sulcus ; but in the later, and majority of cases, large sections 
were taken, embracing several gyri (up to thirteen), with 
intervening sulci. It is a possible objection to this plan that 
the gyri do not receive the individual care in the process öf 
differentiation which would be given were each stained 
separately. But a certain measure of control in differentia- 
tion of. the gyri is generally feasible with large sections. 
Occasionally it happens that a gyrus or two has to be left 
rather more “ chromy ” than one would desire, in order that 
the properly differentiated may, be preserved; but this 
appears often to be due to disease in the gyrus. Every- 
thing considered, we are much in favour of the large 
sections, as giving a very instructive comparative repre- 
sentation of the gyri and their associated sulci. Most of 
our sections measure 4 to 6°5 cm. by 2 to 4 cm. 

For the purpose of this investigation, following Edinger 
and others, the medullated fibres of the cortex are regarded 
as composed of the following :—({1) The zonal layer, cow- 
taining the tangential fibres; (2) the superradiary layer; 
(8) the interradiary meshwork (‘‘ external association-fibres 
of Meynert.”). Between (2) and (8) is placed the con- 
densed layer of transversely-disposed fibres known as Bail- 
larger’s layer (or Gennari’s, in the occipital region).. Lastly, 
and apart from the above more or less transversely-disposed 
fibres—which are in this article, for brevity’s sake, called 
“ cross-fibres ’’--the projection-fibres or radii (4) have to be 
considered. l 
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The origin and connections of the cross-fibres of the 
cortex—as far as present knowledge permits a statement— 
may briefly be referred to. 

In the zonal area, which corresponds to the molecular 
or external layer of authors, the medullated fibres may be 
regarded as (a) prolongations of the axis-cylinders of the 
nerve-cells described as existing in that layer by Cajal, 
namely, the fusiform, triangular, and polygonal nerve-cells ; 
the first two varieties are said to have several axis-cylinders ; 
(b) prolongation of the axis-cylinders ascending to the 
molecular layer from their cells of origin in the pyramidal 
and polymorphous cell-layers; (c) the medullated fibres 
may also be regarded as partly composed of the terminals ' 
of the nerve-fibres, which can be followed into the white 
matter of the hemisphere, “the cells of origin of which are 
unknown ” (van Gehuchten). The latter may, of course, be 
situated anywhere in the same or opposite hemisphere. 

The superradiary layer and the interradiary meshwork 
correspond approximately to the layer of pyramidal cells 
(middle layer); the layer of small pyramidal cells answering 
approximately to the superradiary layer, that of the large 
pyramidal—including Betz’s cells—to the interradiary mesh- 
' work. 

Lastly, the layer of spindle or polymorphous cells (in- 
ternal layer) is placed in the lowest part of the interradiary 
meshwork. The medullated fibres of the superradiary layer 
and the interradiary meshwork may be regarded as com- 
posed of (a) myelin-enveloped axis-cylinder processes of the 
cells of the middle and internal layers, which processes are 
ascending and descending, and of the collaterals of these (if 
we are justified in regarding these as clothed in myelin in 
part of their course) ; (b) the nerve-fibres above mentioned 
under (c) will also assist in forming the superradiary layer 
and interradiary meshwork. The paucity and delicacy of 
the superradiary fibres, in comparison with the interradiary, 
may be explained, perhaps, by'the smaller size of the cells 
from which the former spring. 

A reference to the order of development of the medul- 
lated fibres of the cortex will be opportune here, following 


586 ORIGINAL ARTICLES AND CLINICAL CASES 


the description of Kaes. In the foetus, between the fifth and 
sixth months, the cortex is freefrom medullated fibres. The 
first to penetrate are the projection-fibres, the fibree proprize 
of Meynert (between cortex and medulla) developing about 
the same time. Next come the fibres of the interradiary 
. meshwork (Kaes’s “external association fibres of Meynert”), 
and then, about the same time, the fibres of Baillarger’s 
layer and of the zonal layer. ‘Whilst the fibres of these 
three layers become gradually more numeréus, the super- 
radıary layer begins to show (Kaes’s “fibre-band of the 
second and third layer”). The ‘ primary deposit” is now 
complete. In this is developed the second system of fibres 
(“der in Gebrauch genonmenen Faser ’’), thicker and more 
prominent than the primary, parallel or oblique in disposi- 
tion. They appear first in the interradiary region, later in 
the superradiary, then in Baillarger’s layer, finally spreading 
over the whole cortex “as the highest expression of develop- 
ment of the cortical fibres ” (Kaes). 
Twenty-five brains from cases of mental disorders were 


examined, embracing cases of mania and melancholia of 


various degrees, paralytic dementia, delusional insanity, 
imbecility, and terminal dementia. 

In addition, a control specimen was examined from a 
man aged 46, who died suddenly, and in whom a fibroid 
state of the heart-muscle was found. The only objection to 
be brought against this case was the possibility of syphilis as 
the cause of the cardiac state. But however this may have 
been, the specimen furnished a large number of gyri which, 
in the light of other experience, were evidently normal. 
This control was supplemented by Kaes’s description of the 
cortical medullated fibres in the various regions of the hemi- 
sphere in a normal brain. In addition, various of the cases 
furnished specimens of normal gyri, occurring in association 
with diseased ones, in the different regions of the hemi- 
sphere. 

In summarising the condition of the medullated fibres 
the terms “slightly,” “moderately,” and “greatly” (or 
“ extremely ’’) degenerate have been used, according as the 


fibres exhibited the slighter or more aggravated forms of 


a 
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degeneration, tabulated in the scheme according to which 
the work was done; though, of course, the classes pass into 
one another. (The condition of ‘‘ scantiness ” is also men- 
tioned separately.) 

Thus, with respect to the cross-fibres : if scanty; thin, . 
short, faintly stained, the degeneration is put down as 
“slight.” If, in addition, they are irregularly stained, 
broken, of uneven calibre, the fibres being mostly small, 
with large, thfck fibres few or absent, the degeneration is 
‘nioderate.”” Whilst it is “ great” if the fibres exhibit the 
above conditions in aggravation together with varicosity and 
tortuosity. In extreme cases the fibres are represented by 
rare dots and shreds, or may be absent. 

With respect to the projection-fibres or radii: “ slight ” 
degeneration connotes the case in which the bundles are thin, 
with scanty fibres and faint staining, with the terminals of 
the radii thin, broken, badly stained, irregular in course. 
“ Moderate ” degeneration is where, in addition to the above, 
the bundles fall short, the fibres being broken and thin, 
unduly wavy in course and irregularly stained. And “great” 
degeneration connotes the above in aggravation, with uneven 
calibre of fibres, varicosity and tortuosity of terminals and 
* also of trunks. 

The long, thick, deeply-stained fibres met with in the 
different layers (especially the interradiary and the tangential) 
in normal specimens—which I take to be the fibres of Kaes’s 
second system—are called, briefly, the “ strong ” fibres. 

The medullated fibres running at right angles to the 
surface, and passing between the tangential fibres and the 
deeper parts of the cortex (and probably ascending from or 
descending to the white matter, in some instänces) are 
‚called in this article ‘‘ perpendicular ” fibres. 

The cases examined are as follows, summarised as much 
as appears desirable. 


(1) H. E.—On admission: acute mania. Causation: 
influenza and trouble. Clinical course: remained maniacal 
for four months, then showed partial dementia; phthisis . 
present on admission, progressed, and he improved some- 
what in mind. At death: mental state was one of partial 
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dementia. Cause of death: phthis:s. Total duration men- 
tal disorder: 64 months. Age at death: 32. 

Frontal gyri.—Tangential and superradiary fibres in fair 
number, and moderately degenerate. Interradiary mesh- 
work: abundant, but fibres very thin. Radii: normal, 
excepting terminals, very degenerate. Vascularity + and 
general, with chrome about the vessels. 

Summary.—Moderate degeneretion `of cross-fibres of 
outermost two layers; terminals of radii Involved in the 
superradiary degeneration, and especially affected. Vas- 
cularity +. 

` Occipital gyri.—All cross layers appear normal, and 
radii also. No vascularity; no chrome. Strong and per- 
pendicular fibres in fair number in the various layers. 

Summary.—A normal specimen. 

In this, the first specimen examined (acute mania pass- 
ing into mild dementia), gyri were only taken from two 
regions. Fibre degeneration is moderate in the frontal 
region, and vascularity proportionataly increased. 


(2) W. J.—On admission: sen:le melancholia. Causa- 
tion: heredity + senile changes. Clinical course: melan- 
cholia passing into dementia. Atdeath: complete dementia. 
Cause of death: senile brain atrophy. Total duration: 
4 years. Age at death: 75. 

Frontal gyri.—Tangential fibres: exceedingly few and 
very degenerate. Superradiary: moderately degenerate and 
very scanty. Interradiary: moderately degenerate and 
scanty. The cross-fibres are rather worse on the sides. 
Radii: moderately degenerate, ard terminals more so. 
Vascularity and chrome +, especially on sides. 

Summary.—The medullated fibres diseased throughout, 
most so in the outermost part of cortex (terminals of radii — 
sharing). Tangential about the worst. There are variations 
in the degree of degeneration in tke different parts of the 
same gyrus (fibres in all layers more affected at one part 
than another). Maximum increase in vascularity and chrome 
deposit goes with the maximum fibre-degeneration. 

Parietal gyri.—Tangential fibres: very scanty and very 
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degenerate; replaced by connective tissue in parts. Super- 
radiary: rather scanty and moderately degenerated. Strong 
fibres absent in these two layers. Interradiary: normal, 
many strong fibres. Radii:, trunks normal but terminals 
very degenerate. Chrome + and general. Vascularity +, 
but only in foci in outer parts. 

Summary.—Cvross-fibres degenerate in.outer two layers, 
_ especially tangential. Terminals of radii share in degenera- 
tion. Vasculawity is chiefly. + with fibre-degeneration. 

Occipital gyrt.—Tangential fibres: very scanty and very 
degenerate; connective tissue and chrome deposit in outer- 
most zone.’ Superradiary still more so. Interradiary: 
normal. Radii: ditto, terminals very degenerate. Some 
perpendicular fibres, but degenerate. Vascularity and 
chrome + and general. f 

Summary.—Fibres considerably diseased in outermost 
parts, including terminals of radii. Superradiary worst. 
Vascular changes not commensurate with those of nerve- 
fibres. 

General summary.—In this case of senile melancholia 
with dementia the two outermost layers of cross-fibres and 
the terminals of the radii, which are situated at the level of 
the superradiary layer, show considerable disease in different - 
parts of the cortex. The conditions are rather worse—the 
diseased fibres showing deeper in the cortex—in the frontal 
region. Vascularity and chrome increased, on the whole, in 
association with fibre-degeneration. 


(8 C. W.—On admission : acute melancholia, with ideas 

_of persecution also present. Causation: business troubles. 

Clinical course: melancholia throughout ; attempted suicide. 

At death : melancholia. Cause of death: pleuro-pneumonia ; 

cardio-arterial degeneration. Total duration: 2% years. 
Age at death: 48. 

Frontal gyri.—Tangential fibres; very scanty, very 
degenerate. Superradiary: scanty, very degenerate. Inter- 
radiary: extremely scanty, very degenerate. Radii: scanty 
and degenerate. A few perpendicular fibres, but degenerate. 
Specimens very vascular and chromy. , 
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Summary.—All cross layers skow much degeneration 
without important distinction, and this extends’ to radii. 
Vascularity and chrome + with fibre-changes. 

Parietal gyrt.—Tangential fibres: ' not scanty, very 
degenerate. Superradiary: ditto. Interradiary: normal. — 
Radii: ditto. Vascularity and chrome +, but less than in 
last. : 

Summary-—Two outermost layers only affected, not _ 
scanty, but degenerate. Vascularity and chwme in accord- 
ance. Dr 

Occipital gyri..—Tangential fibres : very scanty and very 
degenerate. Superradiary: scanty, very degenerate. Inter- 
radiary: very scanty, slightly degenerate. Radii: very 
scanty and very degenerate. Vascularity and chrome 
much +. f 

Summary.—Gyxi very degenerate, with vascularity and 
chrome in association. : 

Temporal gyri.—Tangential fikres: scanty, moderately 
‘degenerate. Superradiary: very scanty, moderately degene- 
rate. Interradiary: scanty, moderstely degenerate. Radii: 
scanty, slightly degenerate. Vascularity +, more than in 
last ; chrome +. 

Summary.—Cross-layers moderately degenerate; radii 
involved in less degree. Vascu-arity and chrome + in , 
association. 

General summary —In this case of melancholia the 
medullated fibres generally show disease, the interradiary 
scarcely better than the two outermost layers, which are 
equally bad, advanced in the fronsal and occipital regions 
about equally, least in .the parietal. The radii sometimes 
equally involved, but on the whole less. Vascularity and 
chrome + in association with fibre-degeneration. 


(4) J. E.—Admitted three times in three years with. 
acute mania. Discharged recovered twice. On the third 
occasion remained more or less asutely maniacal for about 
- fifteen months, when she lapsed into a state of chronic 
mania. This continued until death, weakness of mind 
becoming more apparent. Cause of death: myocarditis. 
Total duration: 15 years. Age at death: 65 
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Parietal gyri, “A.’—Tangential fibres : fairly numerous, 
moderately degenerate. Superradiary: scanty, very degene- 
rate; worse .than tangential: Interradiary: numerous; 
slightly degenerate ; good Baillarger layer. Radii : scanty, 
‘terminals moderately degenerate. No vascularity ; chrome : 
slight. Perpendicular fibres-in fair. number, tortuous. 
"Strong fibres in good number. 

Parietal gyri, “B” (another part). —Tangential fibres : 
scanty, very degenerate. Superradiary: very scanty, very 
degenerate. Interradiary: ditto. Radii: scanty, very de- 
generate. Vascularity: slight; chrome: ditto. Perpen- 
dicular fibres: scanty, degenerate. Strong fibres less than 
in “A.” A worse specimen than “ A.” 

Summary.—Cross-fibres show considerable een 
in parietal; these and radii are worse in one part examined 
than the other. Superradiary fibres are worse than tangen- 
tial. The Baillarger band and strong and perpendicular 
fibres are better in the better specimens. Vascularity and 
chrome not increased at all commensurately with fibre-- 
degeneration. 

Occipital gyri, “ A.”—All cross-layers and radii: mode- 
rately degenerate and scanty. Superradiary: as bad as tan- 
gential. Terminals of radii: worse than trunks. Vascularity 
and chrome but slight. 

Occipital gyri, “B” (anather part).—Tangential fibres : 
fairly numerous, moderately degenerate. Superradiary : 
very scanty and very degenerate. Interradiary: fairly nu- 
merous, moderately degenerate. Radii: moderately scanty, 
and moderately degenerate. Terminals: worse. Vascularity 
+, on one side chiefly. Chrome +, chiefly interradiary. 

Summary. —Degeneration is chiefly moderate of all cross- 
layers ;*superradiary on the whole is worst; interradiary 
equally affected with tangential. Radii share in the mode- 
rate degeneration, and their terminals partake in the worse 
degeneration of superradiary area. Vascularity and chrome 
but slightly increased. 

Temporal gyrt.—Tangential fibres: numerous, good beni? 
but fibres very degenerate. All other cross-fibres and also 
radii exceedingly scanty and degenerate, and absent in 
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various parts. Strong fibres in tangential band, but none 
elsewhere. No perpendieular. Vascularity and chrome both 
somewhat +, but especially so ir foci, together. 

Sunmary.—An exceedingly degenerate specimen, with 
great destruction of fibres, excepting tangential. Vascularity 
and chrome +, with particular dastruction around. 

General summary.—In this case of chronic mania with 
terminal dementia the cross-fibres throughout show con- 
siderable degeneration ; the radii also. The semporal region 
is a good deal the worst, followed by the parietal and the 
occipital. Baillarger, strong, and perpendicular fibres are 
all better in the better specimens. The superradiary fibres 
are about the worst, and interraciary are as bad as tangen- 
tial, even worse than these in the temporal area. The per- 
sistence of the tangential band, though composed of very 
degenerate fibres, in the temporal region, whilst other fibres 
are largely destroyed, is striking. Vascularity'and chrome 
are +, especially in the worst (temporal) region ; elsewhere 
_ the increase is not commensurate with fibre-degeneration. 


(5) A. J.—On- admission: subacute mania. Causation : 
© stated to be shock, in connection with death of mother. 
Clinical course : subacute mania passing into dementia with 
‘periodic outbreaks of excitement and violence. At death: 
dementia. Cause of death: hear; disease. Total duration : 
40 years. Age at death: 59. 

Frontal gyrt.— Tangential fibzes: very scanty, slight de- 
generation. Superradiary: ditto. Interradiary: ditto. Radii: 
only scanty. Vascularity: considerable; also chrome. 

‚Summary.-—All cross-layers but slightly degenerate. 
Radii probably not degenerate. Vascularity and chrome 
increased out of proportion to fibre-changes. 

Parietal gyri.—Tangential fibres: scanty, slightly de- 
generate. Superradiary: normal. Interradiary: ditto. Radü: 
ditto. Vascularity and chrome =0. ` 

Summary.—Normal, except sl-ght tangential changes. 

Occipital gyri.—Tangential fibres: very scanty and 
moderately degenerate. Superradiary: ditto. Interradiary : 
scanty and very degenerate, the Gennari band thin over the 
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summit. Radii: very degenerate, including terminals (even 
worse). Vascularity +, capilary, and chiefly interradiary. 
Chrome: normal. Some perpendicular fibres, but very 
scanty and very degenerate. 

Summary.—All cross-layers degenerate, but deepest layer 
most so, and radii even worse. Vascularity — + in worst 
fibre area. Chrome = 0. 

Temporal gyri.—Tangent:al fibres: moderately degene- 
rate. Superrafliary: extremely scanty, very degenerate. 
Interradiary : ditto. Radii: only scanty. Vascularity and ` 
chrome + and marked. ' 

Summary.—aAll cross-layers degenerate, the outermost 
least so. Radii escape. 

General summary.—tin this case of subacute mania with 
terminal dementia the cross-fibres show degeneration in all 
regions, though the parietal is almost normal; the temporal 
region perhaps the worst, though occipital is scarcely better ; 
frontal but slightly affected. The interradiary layer is the 
worst in the occipital, the sıperradiary and interradiary in 
the temporal, the tangential being less affected. The radii 
are only scanty in the otherwise very degenerate temporal, 
very degenerate in the occipital. The normal area is neither 
vascular nor chromy, whilst the others show vascularity and 

. chrome +. 


(6) R. D.—On admission: acute mania. Causation: 
unknown. Clinical course: the condition became gradually 
chronic: dementia came on eight years after admission ; 
remained a noisy chronic maniac, with weakness of mind, 
till death from pelvic abscess. Total duration: 33 years. ` 
Age at death: 54. i 

Frontal gyri.—Tangential fibres: numerous, moderately 
degenerate. Superradiary: Lumerous, very degenerate. In- 
terradiary : numerous, moderately degenerate. Radii: nor- 
mal. Vascularity and chrome = 0. 

Summary.—All cross-layers show degeneration, especially 
superradiary. No scantiness of fibres. Otherwise normal. 

Parietal gyri.—Tangentisl fibres : numerous, moderately 
degenerate. Superradiary: extremely scanty, moderately de- 
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generate. Interradiary : fairly numerous, slightly degenerate. 
Radii: normal; terminals degenerate. vouen and 
chrome = 0. 

Summary.—All cross-layers show degeneration, a 
superradiary ; terminals of radii -<nvolved with them. 

Occipital gyri.—Tangential fibres: extremely scanty 
(almost absent), very degenerate. Superradiary: fairly nu- 
` merous, moderately degenerate; some strong fibres. Inter- 
radiary: not scanty, but very degenerate. Radii: not 
scanty, moderately degenerate. Vascularity and chrome +, 
latter chiefly about vessels. 

Summary.—All cross-fibres degenerate, the outermost 
most so. Radii moderately involved. Vascularity and 
chrome + with fibre-degeneration. 

Temporal gyri.—Tangential fibres: normal. Superra- 
diary: very scanty (hardly exist‘, very degenerate. Inter- 
radiary : extremely scanty, moderately degenerate. Radii: 
_ fibres scanty only. Vascularity + and chrome much +. 

Summary.—Tangential fibres: normal. Superradiary: 
much the worst of remaining layers. Vascularity and 
chrome + in conjunction with fibre-degeneration. 

General summary.—In this case of chronic mania with 
terminal dementia the cross-fibres are considerably diseased 
throughout, principally the outermost two layers, in varying’ 
measure, with the exception of tae tangential fibres in the 
temporal area, which are normal. The occipital region is 
worst; then follow in order: parietal, temporal, frontal. 
In the three last regions the superradiary layer is the worst. 
The radii are only moderately involved even in the worst 
specimens. Vascularity and chrome not always associated 
with fibre-d degocerseon, but they are increased in the worst 
specimens. 


(7) L. P.—On admission: mania, with delusions of per- 
secution. Causation: unknown ‘heredity present). Clinical 
course: delusions marked throughout ; very hostile, raving 
frequently. At death: delusional insanity with dementia. 
Cause of death: phthisis. Tota. duration: 7% years. Age 
at death : 62. 
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Frontal gyri.—Tangential fibres: very scanty and very 
degenerate. Superradiary: scanty and very degenerate. 
‚ Interradiary : scanty, mode-ate degeneration. Radii: very 
scanty, slightly degenerate | Vascularity + and chrome 
in patches. 
Summary.—Degeneratioı ‘of all cross-layers, especially 
of two outermost. Radii: involved in lesser degree, and 
vascularity and chrome +. : 
Parietal gyri.—Tangential fibres : scanty, very degen- 
“erate. Superradiary: very scanty, very degenerate. In- 
terradiary: normal. Radi: scanty, slightly degenerate. 
- Vascularity and chrome =. ' ` 

Summary.—Degeneraticn of two outermost layers, and 
radii involved in minor degree. No commensurate increase 
_of vascularity and chrome. ; 

Occipital gyri. —Tangertial fibres: very «scanty, moder- 
-ately degenerate. Superraliary: very scanty, moderately' 
degenerate. Interradiary : scanty, slightly ` degenerate. 
Radii: scanty, moderately degenerate. Vascularity and 
chrome rather +. i 

Summary.—Cross-fibres: moderately degenerate, espe- 
cially outer two layers. Radii: almost equally involved. 
Vascularity and chrome increased about proportionately.’ 

Temporal gyri.—Tangenrtial fibres: very scanty, moder- 
ately degenerate. Superrediary: very scanty (almost ab- 
sent), very degenerate. Iaterradiary: scanty, moderately 
degenerate. Radii: scanty, very degenerate. ST 
much: +, and chrome +. 

Summary. —Cross-layerse and radii all degenerate, ike 
superradiary the worst. "Tascularity and chrome propor- 
tionately increased. 

General summary.—In this case of delusional insanity, 
with terminal dementia, tke cross-fibres are degenerate, in . 
considerable degree, in ths different cerebral regions, the 
outermost two layers being chiefly affected. The super- 
radiary is as much involved as the tangential. The radii 
are involved in a lesser degree, except in the temporal 
region (the worst), where they are equally affected: with 
the worst. of the cross-fibres. Vascularity and chrome are 
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associated with the fibre-degeneration. The temporal region 
is the worst, followed by the frontal, occipital, and parietal 
in order. 


(8) J. M.—On admission: acute-mania. Causation : 
heredity, otherwise unknown. Clinical course: acute mania 
with occasional stupor. At death: mania. Cause of death : 
exhaustion from mania. Total duration: 1$ years. Age at 
death : 32. 2 ; 

Frontal gyri.—Tangential fibres : very scanty and very de- 
generate. Superradiary: ditto. Intervadiary: ditto. Radii! 
numerous, moderately degenerated. Vascularity and chrome 
== 0. 

Summary.—All cross-layers: very degenerate. Radii: 
moderately involved. No proportionate increase in vascu- 
larity and chrome. . i 

Parietal gyri..—Tangential fibres : fairly numerous, very 
degenerate. Superradiary: ditto. Interradiary: normal, 
Radii: ditto. Vascularity and chrome = 0. 

Summary.— The two outermost layers degenerate, other- ` 
wise normal. . 

Occipital gyri.— Tangential fibres: scanty, moderately 
degenerate. Superradiary: ditto. Interradiary: ditto. 
Radii: scanty, very slightly degenerate. Terminals: de- 
generate. Vascularity and chrome = 0. 

Summary.—All cross-layers degenerate in moderate 
degree. Radii: only slightly affected, but their terminals 
more so. Vascularity and chrome not involved with fibre- 
changes. . : l 

Temporal gyri.— Tangential fibres: not scanty, moder- 
ately degenerate. Superradiary: almost absent, very de- 
generate. Interradiary: scanty and very degenerate. Radii: ° 
ditto. Vascularity and chrome = 0, 

Summary.—All cross-layers degenerate, most so in deeper 
- parts. Superradiary: worst. Radii: equally involved. Vas- 

cularity and chrome do not follow fibre-degeneration. , 

General summary.—In this case of acute mania the 
cross-fibres are not normal in any, region, and are, mostly 
notably degenerate. The frontal region is about the worst, 
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closely followed by the temporal; then come the parietal 
and occipital, about equally involved. The superradiary 
layer is as much affected as the tangential, and sometimes 
more so. The radii are less affected than the cross-fibres 
on the whole, though equally involved in the temporal 
region. There is a striking absence of vascularity and 
chrome. 


(9) E. W.*-On admission: delusional insanity (ideas of 
persecution). Causation uaknown. Clinical course: re- 
mained same throughout, very hostile. At death: the same. 
Cause of- death: aortic valvular disease. Total duration 
insanity: 6 years. Age at death: 37. 

Frontal gyri.—Tangential fibres: extremely scanty and 
‚very degenerate. Superradiary: ditto. Interradiary: ditto. 
Radii: scanty and very degenerate. Vascularity +. Chrome 

Summary.—All cross-layers and radii very degenerate. 
Vascularity is increased theréwith. 

Parietal gyri.—Tangential fibres: extremely scanty and 
very degenerate. Superradiary: ditto. Interradiary: ditto. 

Radii: scanty, very degenerate. Vascularity and chrome’ 


| Summary.—All cross-layers and radii very degenerate. 
No corresponding increase of vascularity and chrome. 

Occipital gyri.—Tangential fibres: extremely scanty and 
very degenerate. Superradiary: ditto. Interradiary: ditto. 
Radii: ditto. Vascularity and chrome = 0. 

Summary.—As in last. , 

General Summary.—In this case of delusional insanity 
the cross-fibres are extremely degenerate and the radii 
equally so. All parts equally bad. Vascularity and chrome 
are not increased. in two cf the regions, and their increase 
may be said to be not at ail commensurate with fibre- 
degeneration. 


(10) E. G.—On admission: acute melancholia. Dis- 
` charged and remained out five to six years; readmitted in 
same state with some mental weakness also. Causation: 
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unknown. Clinical course: melancholia, passing into 
dementia. At death: dementia. Cause of death: chronic 
renal disease. Total duration: 14 to 15 years. Age at 
death : 72. 

Parietal gyri. ee dana fibres: very scanty, moder- 
ately degenerate. Superradiary: very scanty, moderately 
degenerate. Interradiary: normal. Radii: ditto. Vascu- 
larity and chrome = 0. 

Summary.—The outermost two layers show moderate 
degeneration ; otherwise normal. 

Occipital gyri—Tangential fibres : very scanty and very 
` degenerate. Superradiary: ditto. Interradiary: ditto. 
Radii: ditto. Vascularity and chrome = 0. 

„Summary.-—All cross-layers and radii very degenerate, 
and equally so. Vascularity and chrome, on the contrary, 
not affected. — 

Temporal gyri.—Tangential fibres: not scanty, slightly 
degenerate. Superradiary : scanty, moderately degenerate, 
worse than former layer. Interradiary: ditto: Baillarger 
band exists. Radii: scanty and degenerate. Vascularity 
=0. Chrome = rather + in superradiary and interradiary 
layers. 

Summary.—The cross-fibres degenerate in varying 
degree, the tangential rather less than deeper ones. Radii 
involved equally with latter. No disease in vascularity but 
there is in chrome. - 

General Summary.—In this case of chronic melancholia, 
passing into dementia, the cross-fibres show varying degrees 
of degeneration (superradiary the worst), being worst in the 
occipital region, followed successively by the temporal and 
parietal regions. The radii pretty well follow suit, worst 
in occipital and normal in parietal. Vascularity and chrome 
do not follow fibre-degeneration, there being no vascularity 
at all and only very localised chrome. 


(1) J. T.—On admission: subacute mania. Causation : 
no certain cause. Clinical course: subacute mania, passing 
into dementia shortly before death. Cause of death: 
broncho-pneumonia. Total duration: 6 months. Age at 
-death: 58. 
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Frontal gyri.—Tangentia. fibres: rather scanty and very 
degenerate. Superradiary: fairly numerous, very degene- 
rate. Interradiary: numerous, moderately degenerate. 

` Radii: scanty, moderately Cegenerate; terminals more so. 
Vascularity and chrome = 0. 

Summary.—Cross-fibres legenerate, especially the two 
outermost layers. Radii less degenerate than these but 
terminals equally bad. Vescularity and chrome not in- 
creased with fibre-changes. 

Parietal gyri.—Tangental fibres: numerous but ex- 
tremely degenerate. Superradiary: numerous, but less 
degenerate. Interradiary: numerous but less. degenerate 
still. Radii: numerous; moderately degenerate. Vascu- 
larity = 0. Chrome only in interradiary. 

Summary.—All eross-layars and radii show degeneration A 

worst and marked in outermost layer and progressively less 
from without. Vascularity and chrome not increased with 
fibre-degeneration. 

Temporal gyri.—Tangen „al fibres: very scanty and very 
degenerate. Superradiary: ditto. Interradiary: numerous, 
moderately degenerate. Radii: scanty, moderately degene- 
rate. Terminals very degererate. Vascularity and chrome 
= 0. 

Summary.—Cross-fibres degenerate, especially of outer- 
most two layers. Radii less affected than these, but 
terminals equally bad. Vescularity and chrome not, in- 
creased with fibre-changes. 

General summary.—tiIn this case of .subacute mania, 
passing into dementia, the cross-fibres. show considerable 
degeneration in all regions, the temporal being rather the 
‘worst, the other two regiors about equally affected. In all 
parts the two outermost .ayers are most involved, the 
tangential being the worst in one. The radii are less affected 
but their terminals share in the degeneration of the layer in 
which they lie. Vasculasity and chrome are singularly 
absent, notwithstanding fibze-degeneration. l 


(12) M. J.—On admission: subacute mania. Causation : 
unknown. Clinical course: recurrent mania; ultimately 


~ 
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some dementia. At death: in same mental state. Cause 
of death: general tuberculosis. Total duration: 31 years: ` 
Age at death: 52. 

Frontal gyri.—Tangential fibres: scanty and very de- 
generate. Superradiary : extremely scanty and very degene- 
rate (worse). Interradiary: ditto. Radii: very scanty and 
very degenerate. Vascularity = +, slightly. : 

Summary.—All cross-layers and radii very degenerate. 
Superradiary and probably interradiary worse than tangen- 
tial. Vascularity is not commensurate with fibre-changes. 

. Parietal gyrt—Tangential fibres : fairly numerous and 
moderately degenerate. Superradiary: extremely scanty and 
very degenerate: Interradiary: numerous, but moderately 
degenerate. Radii: very degenerate, involved in chrome. 
Vascularity = 0, but chrome much +, especially inter- 
radiary. 

Summary.—All cross-layers degenerate, superradiary the 
woist. Radii equally involved with the worst. Vascularity 
does not go with fibre-degeneration, but chrome is much +. 

Occipital gyri.—Tangential fibres: fairly numerous, mode- 
rately degenerate. Superradiary: scanty and very degene- 
rate. Interradiary: scanty, moderately degenerate. Radü: 
scanty, very degenerate. Vascularity = 0; chrome = +. 

Summary.—All cross-layers show degeneration, super- 
radiary the worst, next the interradiary, and radii equally 
degenerate with worst. Vascularity does not go with fibre- 
changes, but chrome does. 

Temporal gyri---Tangential fibres: fairly numerous, very 
degenerate. Superradiary :. very scanty and very degenerate 
(worse). Interradiary: numerous, moderately degenerate. 
Radii: scanty, very degenerate. Vascularity = 0; chrome 
+, chiefly interradiary. 

Summary.—All cross-layers degenerate, superradiary 
worst. Radii equally degenerate. Vascularity does not go 
with fibre-changes, but chrome does. 

General summary.—In this case of recurrent mania with 
terminal dementia the cross-fibres and radii show consider- 
able degeneration in the different parts of the hemisphere, 


the frontal area being the worst. It is noteworthy that in 
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‚all regions the superradiary layer is worse than the tangen- 
tial or interradiary, and the Bitter is nearly as much affected 
as the tangential. Further, the radii are equally degenerate 
with the cross-fibres. With much fibre-degeneration there 
is little or no vascular increase, whilst chrome is increased. 


(13) H. D—On admission: chronic melancholia with 
some dementia. Causation: not clear; came on gradually. 
Clinical course: the same condition until death, which 
resulted from cardiac mura. disease. Total duration: 34 
years. Age at death: 57. 

Frontal gyri.—Tangential fibres: not scanty, moderately 
degenerate. Superradiary: scanty, very degenerate. .Inter- 
vadiary : ditto. Radii: scany, moderately degenerate ; ter- 
minals very much so. Vaserlarity = 0; chrome + slightly. 

Summary.—All cross-layers show degeneration; super- 
radiary and interradiary mcst, and equally; radii trunks 


moderately, terminals greatly, affected. Vascularity not *¥., 


increased with fibre changes. 

Parietal gyri.—Tangentinl fibres : not.scanty, moderately 
degenerate. Superradiary: scanty, very degenerate. Inter- 
radiary : fairly numerous, moderately degenerate. Radii : 
scanty, very u Yascularity = 0; chrome +, 
slightly. 

Summary.— All O show degeneration, super- 
radiary most, interradiary as much as tangential. Radii as - 
affected as superradiary. \ascularity not increased with 
fibre changes. : 

Temporal gyri.—Tangential fibres: not scanty, very de- 
generate. Superradiary: scanty, moderately degenerate. 
Interradiary: numerous, moderately degenerate. Radii: very 
scanty and very degenerate. Vasenlarity = 0; chrome 4+, 
slightly. 

Summary.—All cross-layers show degeneration, tangential 
the most. Radii are even worse than cross- layers. Vascu- 
larity not increased with fibrs-changes. 

General summary.—In this case of chronic melancholia 
with some dementia the cross-fibres and radii'show consider- 
able degeneration in the diferent regions examined, which 
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are about equally affected. The superradiary affected to a 
rather greater degfee than the other cross-fibres, interradiary 
as much diseased as tangential. The radii are diseased in 
an extraordinary degree, equally with the worst cross-fibres. 
With much fibre-degeneration no increase in vascularity, and 
chrome also shows slight increase. 

(14) L. B—On admission: acute mania. Causation: 
the puerperal state. Clinical course: acute mania through- 
out. At death: the same. Cause of death: exhaustion 
and acute enteritis. Total duration: 54 months. Age at 
death : 26. - 

‘Frontal gyri:—Tangential fibres: numerous, moderately 
degenerate. Superradiary: ditto. Interradiary: normal. 
Radii: ditto. Vascularity = 0; chrome +, general. 

Summary.—Normal, with exception of moderate degene- 
ration of two outermost layers. 

. Parietal gyri.—Tangential fibres: normal. Superradiary: 
slightly degenerate. Interradiary: normal. Radii: ditto. 
Normal perpendiculars. Väscularity and chrome == 0. 

Summary.—Normal, except from slight superradiary de; 
generation. 

Occipital gyri.—Tangential fibres: numerous, very de- 
generate. ' Superradiary: ditto. Interradiary: ditto. Radii: 
extremely degenerate and scanty. Vascularity = 0; chrome 
+, general, deep. 

Summary.—All cross-layers show much’ degeneration, 
though fibres are numerous. Radii are rather worse. No 
increase in vascularity, but chrome is +. 

Temporal gyrt.—Tangential fibres: normal. Super- 
radiary: ditto. Interradiary: ditto. Radii: scanty, mode-. 
rately degenerate; terminals normal. Vascularity and 
chrome == 0. = 

Summary.—Cross-layers normal. Radii moderately đe- 
generate. Vascularity and chrome not present. : 

General summary.—In this case of acute puerperal mania 
the occipital region shows the most degeneration by far, the 
frontal comes next. The parietal and temporal are not far 
from normal, the latter showing degenerate radii and normal 
cross-layers—a very unusual condition. On the whole -the 
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outermost two layers are most affected, superradiary as much 
as tangential. Vascularity is not present in conjunction with 
fibre-degeneration, whereas chrome is, in the most degene 
rate parts. 


(15) L. B.—On admissicn : acute melancholia. Causa- 
tion: the puerperal state. Clinical course: acute melan- 


cholia throughout. At death: the same. Cause of death: ` 


exhaustion. Age at death: 23. Total duration, 24 years. 
Frontal gyri.—Tangential fibres: extremely scanty and 
very degenerate. Superradiwy: ditto. Interradiary: ditto. 
Radii: scanty and very degenerate. Vascularity and 
chrome +. 
Summary.—All cross-larers and radii very degenerate, 
with vascularity and chrome increased proportionately. 
Parietal gyri.—Tangent al fibres : scanty and degenerate. 
Superradiary: ditto. Interradiary: normal. Radii: ditto. 
Vascularity +, slight; chrome = 0. 
Summary.—The two octermost cross-layers degenerate, 
but less than last. Vascularity in accordance with fibre- 
changes. 


Temporal gyrt.—Tangential fibres: very scanty and 


moderately degenerate. Saperradiary: scanty and degen- 
erate. Interradiary: ditto. Radii: scanty and, very de- 
generate. Vascularity +, slight; chrome = 0. 

Summary.—All cross layers show degeneration, chiefly 
outermost, but more markel. Radii: rather worse. Vascu- 
larity only slight. 

Occipital gyrt.—Tangertial fibres: very scanty and very 
degenerate. Superradiary: numerous, very degenerate. 


Interradiary : numerous, degenerate. Radii: numerous, |. 


slightly degenerate. Terminals extremely so. Vascularity 
and chrome only locally + (superradiary). - , 
Summary.—All cross-leyers show degeneration, especially 
outermost. Terminals of radii involved with superradiary. 
Väscularity and chrome scarcely proportionately increased. 
General summary. — |n this case of acute puerperal 
melancholia the cross-fibres show considerable degeneration 
in the various parts of the hemisphere examined (especially 
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the outermost two layers), the frontal region being the 
worst, the parietal showing least, the other two regions 
about equally affected. 'The.radü show considerable degen- 
eration in the worst area, but escape in the part with least 
degeneration. Vascularity and chrome are increased in the 
worst area, but do not go part passu with fibre changes in 
the other parts. 


(16) A. J.—On admission: paralytic deméntia, demented 
type. Causation: heredity +,?alzoholism. Clinical course: 
demented type of general paralysis throughout, resistive, - 
helpless. At death: ditto. Cause of death: paralytic 
dementia. Age at death: 53. Total duration: about 10 
months. 

_ Frontal gyri (6).—Tangential fibres: scanty and very 
degenerate, with some variation in degree in different gyri. 
Superradiary: very, scanty and very degenerate in all; 
worse than last. Interradiary: disto. Radii: good in some 
gyri, but very degenerate on the whole. Vascularity = + 
in majority gyri; two are not vascular. Chrome= + inall. 

Swmmary.—All cross-layers show much degeneration 
with some variation in degree in different gyri. Super- 
radiary and interradiary the worst, and equally. Radii: ` 
usually very degenerate. Vascularity and chrome: generally 
+ with fibre-degeneration. ' 

Sulei (5).—Connected with the gyri. The cross-fibres. 
are in general numerous, and show moderate degeneration, 
especially outermost layer. Variations between different 
sulci. Vascularity and chrome + in all save one. 

Parietal gyri (5).—Tangential fibres : variations exist in 
different gyri and also in different parts of individual gyri. 
Generally degenerate; most over summit. Superradiary : 
ditto. Interradiary: not scanty but degenerate. Radu: 
generally degenerate ; the same yariations. Baillarger well- 
marked in most gyri. Terminals worse. Vascularity +, 
capillary uniform. Chrome only slightly +. Perpendicular 
fibres exist ; very degenerate. One gyrus normal. 

Summary:—General degeneration of ‘cross-layers and 
radii, with variations in degree in different: gyri and in 
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different parts of individual gyri. Summit of gyrus gener- 
ally the worst site. Vascularity +, but chrome less so. Persis- 
tence of Baillarger. A normal gyrus present with degenerate. 

Sulei (4).—The fibres of the two outermost layers scanty 
and degenerate, those of interradiary vary, some being 
normal. Vascularity +, cap-lary. . 

Occipital gyri (4).—Tangential fibres: in general very 
scanty and very degenerate. Variations similar to last. 
Superradiary: ¢n all very szanty and degenerate. Inter- 
radiary: in general very scanty -and degenerate. Radii: 
scanty and degenerate in two, normal in two. Terminals only 
escape in one. Vasculariby +, chiefly superradiary. 
Chrome + in some, not in all. 

Summary.—General degeneration of cross-layers, with 
variations between gyri. Radii less generally affected. 
Vascularity + with fibre-charges. Chrome is more variable. 

Sulct (5).—Fibres hardly exist, and are very degenerate 
in majority. Normal in remainder. Vascularity = + in 
some, none in others, without reference to fibre degeneration. 

General swmmary.—In this case of paralytic dementia 
the cross-layers and the radi are much degenerated in the 
different parts of the hemisphere. The cross-layers about 
equally involved. Radii scarcaly better. Variations between 
‘neighbouring gyri and in incividual gyri in different parts. 
The different parts about equally affected, though frontal 
more uniformly than others. Vaseularity = + with fibre- 
changes. Chrome is also —, but more variable in this 
respect. . As regards sulci there is much variation; the 
majority, show degeneration, but not so much as in gyri. 
Some are normal. Most show vascularity and chrome +. 


(17) J. H.—On admission: paralytic dementia, maniacal 
type.. Causation: not clear; had been seafaring man, and 
alcohol very probable. Clinical course: maniacal type; 
general paralysis throughout. At death: demented; died 
in convulsions. Cause of death: general paralysis of the 
insane. Age at death: 54. Total duration: 2 years. 

Frontal ‘‘A.”-—Tangential fibres: very scanty, very 
‘degenerate. Superradiary: ditto. Interradiary: ditto. 
Radii: ditto. Vascularity and chrome + (extreme). 


` - 
ote 
so 
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- Summary.—All fibres, cross and radii, very degenerate. 
Vascularity and chrome associated therewith. 

Frontal “B” (another part)—Tangential fibres: ex- 
tremely scanty and extremely degenerate. Superradiary : 
ditto. Interradiary: ditto. Radii: very scanty and very 
degenerate. Vascularity and chrome’ + (extreme). 

Stimmary.—Rather worse than “ A.” 

Frontal“ C” (anotherpart).—Tangentialfibres: extremely - 
scanty and extremely degenerate. Supersadiary : ditto. 
Interradiary : ditto. Radu: ditto. Vascularity and chrome 
+ (extreme).. ; 

Summary.—As in “B.”. 

Frontal“ D ” (another part) gyri (5). —Tangential fibres: 
absent. Superradiary: ditto. Interradiary : ditto. Radii: 
scanty`and degenerate. Vascularity and chrome + (ex- 
treme). Chrome around the vessels especially. 

Summary.—A worse specimen than others. Cross-fibres :- 
absent. Radii: less affected.» Vascularity and chrome go 
with fibre-changes. 

Summary for frontal area.—Very marked degeneration 
of cross-layers and radii, with some variations in different 
parts of the lobe. The eross-fibres absent in some parts. 
Vascularity and chrome greatly +, with fibre-degeneration. 

Sulct (5).—Except very scanty and very degenerate 
intermediary, no cross-fibres. Vascularity and chrome + 
in all. 
Parietal gyri (4).—Tangential fibres: very scanty and 
very degenerate. Variations in different gyri and in indi- 
vidual gyri. Superradiary: ditto. Interradiary : very scanty, 
slight degeneration; variations as above. Baillarger: well 
marked. Radii: normal in two, scanty and degenerate in 
other two. Vascularity and chrome greatly + (latter around 
vessels). 

Summary.—All cross-layers show degeneration, marked 
in outer two. Variations between gyri and parts of & gyrus. 
Radii: less affected. Vascularity and chrome + with fibre- 
degeneration. 

Sulci (3 and 4).—Fibres degenerate. Vascularity and 
chrome +. . i 
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Occipital gyri (4).—Tanyential fibres almost absent, very 
degenerate. Superradiary: ditto. Interradiarry: much the 
same, but variations between gyri. Radii: extremely scanty 
and very degenerate. Varietions as above.. Vascularity and 
chrome +, latter around vessels. 

Summary.—All eross-lzyers show great degeneration, 
interradiary less consistentl- than others ; latter remark also. 
applies to radii. Vascularity and chrome + with fibre 
changes. ° 

Sulei (5).—Fibres extremely degenerate and vascularity 
and chrome +, slightly. 

Temporal gyri (5).—Taagential fibres: absent. Super- 
radiary: ditto. Interradiary scanty and extremely degenerate. 
Radii: ditto. Vascularity and chrome greatly +, latter 
about vessels. uae 40: 

Summary.—Extreme cegeneration of all medullated 
fibres. Vascularity and chrome + in proportion. 

Sulei (3 and 4).—Vascularity and chrome greatly +. 
Fibres absent, except very few and degenerate interradiary. 

General summary.—In. this case of paralytic dementia 
the medullated fibres, especially the cross-fibres, show very 
marked degeneration (to the extent of complete destruc- 
tion sometimes) in all regions of the hemisphere, without 
appreciable ‘distinction, except for the parietal, which is 
rather less affected. At the site of greatest disease, in a 
given area, the gravity of "he diseäse does not allow of any 
variations between gyri ani parts of these; elsewhere these 
variations are. seen. Th= degeneration is so great that 
Baillarger’s band is no lorger to be made out, except rarely, 
where the conditions are not so extreme (parietal). On 
the whole, the two outermost layers are the worst parts of 
the cortex, and are eqrally involved. Vascular disease, 
extreme and general, with fibre-degeneration. Chrome: 
greatly + around vessels l 

In the sulci the fibre- degeneration and vascularity and 
“chrome are about equal tc the gyri. 


(18) G. E. On admission: imbecile (noisy, violent, 
impulsive). Causation: heredity, intensified by alcoholic 
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“ habits. Clinical course: the same throughout. At death: 
the same. Cause of death: Landry’s paralysis (ten days’ 
duration). Age at death: 30.: Fr 

Frontal gyri (8) —-Tangential fibres: scanty, extremely 
degenerate. No notable variations between different gyri ; 
local variations in individual cases. Superradiary: very 
scanty, extremely degenerate. Some variations. Inter- 
radiary: ditto. Baillarger present. Radii: very scanty 
and extremely degenerate; worst cver summett. Vascularity 
+, also chrome, but not always together, and not general. 

Summary —Al cross-layers end radii show extreme 
degeneration with local variations in degree within the 
gyrus. . Baillarger band escapes the other interradiary 
degeneration. Vascularity and chrome +, but not general. 

Sulei.—Fibres degenerate and scanty. Interradiary: 
better than others. Vascularity end chrome +. 

Central “ A” gyri (3).—Tangential fibres: slightly scanty, 
moderately degenerate ; worse at summit. Superradiary: 
very scanty and very degenerate. Interradiary: slightly 
scanty, very degenerate. Variatiors between gyri. Radii: 
scanty and degenerate; worse over summit. Vascularity 

“and chrome: slight. 

Summary.—All eross-layers and radii show degeneration, 
the superradiary about the worst. Conditions rather worse. 
at summit. The mterradiary vary in degeneration in diffe- . 
rent gyri. Vascularity and chrome: slight, and not in 
proportion to above changes. 

Central “ B” (another part) gyr (3).—Tangential fibres : 
scanty and ar degenerate. Variations noted in 
individual gyri. Superradiary: scanty and very degenerate. 
Interradiary: scanty and degenerate. Radii: scanty and 
degenerate ; terminals worse. Vaszularity +, chiefly inter- 
radiary, and chrome + about vessels. 

Summary.—All cross-layers and radii scanty and degene- 
rate, with superradiary about the worst. Variations as 
respects tangential: as above. Vascularity and chrome +, 

- localised. 

Summary, central.—All cross-layers and radii show 
degeneration, superradiary rather tne worst. Some varia- 
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tions between gyri and in gyri, but minor. Vascularity and 
chrome not striking; scarcel> proportionate to other changes. 

Sulct (3).—Fibre-degensration, two outermost layers 
especially. Vascularity +. Chrome = 0. 

Occipital “ A” gyri (7).—Tangential fibres: very scanty 
and very degenerate. Gyri equally bad. Variations between 
gyri and between parts of individual gyri, generally worst 
over summit. Superradiars : very scanty and very degen- 
erate. Gyri:*unequally affected. Interradiary: scanty, 
moderately affected. Varations as above. One gyrus 
normal. Radii: scanty and degenerate, especially terminals. 
Two gyri normal. Vasculerity + greatly, and worst with 
fibre-changes. Chrome is more irregular. Strong fibres 
absent. eee 
Summary.— Ihe cross-luyers are very degenerate, espe- 
cially the outer two. Variations in degree as above. Radii: 


.mostly degenerate, and teminals worse. Vascularity + 


with above changes. 

Occipital “ B.’—A similar summary to “A.” Vascu- 
larity is +, but with variations in different gyri. 

Sulei (7).—Fibres normal. Vascularity +; chrome 
much less so. f 

Temporal gyri (5).—Tangential fibres: much variation, 


' some normal, some very scanty and degenerate in parts of 


a gyrus. Superradiary : ditto. Interradiary : normal. Radii: 
ditto. Vascularity = +, ea! outermost layers. Chrome 
+, in deeper layers. 

Summary.—A better specimen than the preceding ; some 
gyri normal; in others the. two outermost layers show 
degeneration with variations between gyri and in individual 
gyri. Vascularity + in affected parts; chrome +, but does 


- not follow vascularity. 


Sulcus (1).—Fibres normal; vascularity only mira 

General summary.—tIn this case of imbecility with excess 
in alcohol the medullated fibres show considerable degenera- 
tion, the frontal and central regions worse than the occipital 
and temporal: the first-naned most, the last least. There 
are variations between gyri and parts of individual gyri in 
the different regions. Vescularity is generally + in con- 
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junction with fibre-degeneration, but not a striking feature. 
Chrome is not marked and not regularly associated with the 
vascular change. As regards sulci, the fibres are the worst 
in those connected with the worst gyti—frontal and central ; 
and vascularity and chrome most marked in the same. 


(19) J. W. On admission: paralytic dementia, maniacal 
type. Causation: overstrain. Clinical course: maniacal * 
type, general paralysis until desth. TotaP duration: 54 
months. Age at death: 37. 

Frontal “A” gyri (5).—Tangential fibres: extremely 
scant, extremely degenerate all through. Superradiary : 
ditto, but rather less scanty. Interradiary: ditto, one gyrus 
rather less scanty. Radii: scanty, moderately degenerate, 
terminals, very degenerate, one gyrus worst. Vascularity 
greatly +, chiefly super- and interradiary. Chrome: ditto, 
obseures all in places. Pia greatly thickened and infiltrated 
with round cells. Strong fibres practically absent. 

Summary. — Extreme degeneration of cross-layers 
throughout, tangential rather the worst. Radii less affected, 
excepting terminals much so. Vascularity and chrome go 
with fibre-changes. 

Frontal “ A!” (same part, 5 gyri). All as above. One 
gyrus shows normal radii. 

Frontal “ B” (another part, 1 zyrus).—Fibres and radii 
practically as in last two. Superradiary worse than tangen- 
tial. Vascularity +, chiefly outermost two layers. Chrome: 
slight, diffuse. 

Summary.—Same degenerations as “A” ; ‘superradiary 
worst. Vascularity has rather different seat of election ; 
chrome is less than in “A.” 

Frontal “ C” (another part, 2 gyri).—Tangential fibres 

_ as In previous in one gyrus, betier in the other. Super- 
radiary: as in previous. Interradiary: ditto. Radii: 
normal. Vascularity and chrome +. t 

Summary.—All cross-layers degenerate; tangential shows: 
variations. : Radii: normal. Vascularity and chrome go 
with fibre-changes. 

Frontal, “D” (another part, & gyri).—Cross-layers and 
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radii: as in “ A,” and ever worse conditions obtain. Two 
outermost the worst. i 

Summary, frontal region.—Degeneration of cross-fibres is 
great throughout, variations unimportant. The two outer- 
most layers are the worst, but superradiary are as affected, 
at least, as tangential. Ralii not so regularly or extensively 
affected as the cross-layere. Vascularity and chrome com- 
monly much +, with varying seats of greatest intensity. 
Strong and pefpendicular fibres are practically absent. 

In seven sulci examinel the fibres are very scanty and 
: degenerate, the absence of ihe sweep of external association 
fibres of Meynert in some sulci is striking. Vascnlanity and 
‘chrome +. 

Frontal near ascending frontal “A” (5 e E 
tial fibres: very scanty and very ‘degenerate in all, with 
variations in degree, in difference, and in individual gyri. 
Superradial: very scanty and very degenerate. Inter- 
radiary: fairly numerous, moderately degenerate. Radii: 
majority normal as regards trunks; but terminals are degen- 


erate ; minority. very scansy and e oers: Vascularity’ 


and chrome + in all. 

Swmmary.—Cross-layers degenerate in all, the two outer- 
most chiefly, with variatiors, as above. Radii less affected, 
but variations, and terminals always involved. Vascularity 
and chrome go with the filre-changes. 

Sulei (2).—Tangential fibres: scanty and degenerate. 
Vascularity and chrome + l 

Frontal near ascending “rontal B ” (another part, 5 gyri). 
— Tangential fibres : very scanty and very degenerate in all, 
with variations between. grri. Superradiary: ditto. Inter- 
‚radiary: not scanty but degenerate, but worse in these 
respects in a minority. Extreme tortuosity in one gyrus. 
Baillarger well marked in some. Radii: numerous in three, 
scanty in two; varying degrees of degeneration. Normal 
in one gyrus. .Vascularity greatly +, with variations in 
- different parts individual g7ri. Chrome: ditto, 

Summary.—All cxoss-übres show great degeneration, 
especially outermost two. with variations, as described. 
Radii show less. Vascuarity and chrome follow fibre- 
changes. 


K 


i 


612 ORIGINAL ARTİCLES AND CLINICAL CASES 


Sulei (3 and 4).—Fibres degenerate, involving interradiary 
in worst cases. Vascularity + in all, but chrome only in 
some. 

Summary of frontal near ascending frontal.—Great de- 
generation of all cross-layers, especially of outermost two 
layers, with variations in degree between different gyri and 
locally in individual gyri. Radii: generally but not univer- 
sally affected, and less than previous. - Terminals worst. 
Strong and perpendicular fibres are scanty dnd: degenerate. 
Vascularity and chrome +, with fibre-degeneration. 

Sulci.— The fibres degenerate in general, but less notably. 

Central“ A” (5 gyri),—Tangential fibres: fairly numerous, 
all degenerate in different degrees in different gyri. Much 
worse in No. 5. Superradiary: scanty and degenerate, with 
similar variations, worst in No. =; Nos. 2 and 4 normal. 
Interradiary : variations in gyri 1, 2, 4 normal, other two 
scanty and degenerate; No. 5 worst. Radii: ditto. Vas- 
cularity and chrome + in all in different degrees and varying 
intensity, even in same gyrus. u 

Summary.—The tangential laye: is the worst, next super- 
radiary. In some gyri they and interradiary are normal. 
Radii: also only degenerate in minority.. Variations in 
. different gyri for all fibres. The same gyrus worst in all. 
Vascularity and chrome +, and follow fibre-changes in the 
main. i 

Sulci.—Much as gyri; in some fibres degenerate, in 
others sound. Vascularity and chrome +. 

Central “ B” (another part, 5 gyri)—Tangential fibres: 
degenerate as a whole, not always scanty. No. 1 not 
degenerate. Variations in different gyri and parts of indi- 
vidual gyri. Superradiary: ditto. Interradiary: normal, 
and good Baillarger. Radii: three normal, two degenerate 
and scanty. Vascularity and chrome +, with variations, as 
for fibres. ; l 

Summary.—One gyrus normal throughout. The two 
outermost layers are affected eqtally, with variations as 
described. ‘Radii: more affected zhan interradiary. Vas- 
cularity and chrome follow fibre-changes. Perpendicular 
fibres appear in the best gyri. 
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Sulei.—One normal; others show fibre-degeneration in 
two outermost layers. Vascularity and chrome + in varying 
degree. 

Summary of central.—The two outermost cross- layers 
show degeneration, with veriations in degree as described ; 
the unsern sometimes the worst ; in rest they are equally 
affected. The interradiary are principally normal, and more 
so in one part of the region than the other. The radii 
normal in mafority of gyr, but quite as much affected as 
interradiary. Vascularity end chrome +, and follow fibre- 
degeneration. Most sule show degeneration of fibres, 
especially of outermost layers, and vascularity and chrome +. 

Parietal near occipital S A” (6 gyri).— Tangential fibres : 
very scanty and very degenerate in all; some gyri worse 
than others. Superradiary: ditto, and some gyri worse. 
Interradiary: ditto. Radii: Vascularity and chrome greatly 
+, and in association. All fibres worst near the chromo- 
vascular patches. No perpendicular fibres. 

Summary.—All medullated fibres very degenerate and 
equally, the same gyri being worse in all respects. Vascu- 
larity and chrome +, with fibre-changes. 

Sulci.—Fibres very degenerate, especially two outermost 
layers; superradiary worst. Vascularity +, also chrome, 
but less so. 

Parietal near occipital ` A!” (same part, 7 gyri). rn 
out the preceding. ` 

Parietal near occipita- “B” (another part, T ee 
Tangential fibres: scanty and degenerate in all. Super- 
radiary : extremely scanty and degenerate in all; worse than 
tangential. Interradiary : very scanty and very degenerate 
in all. Baillarger persiste more than others. Radii: very 
scanty.and very degenerste throughout; some more’ than 
others. Vascularity greatly + throughout. Chrome +, but 
with variations. All fibres worse near vascular and chromy 
patches. No perpendiculer. 

Summary.—The cross- ayers are very degenerate through- 
out, and so are the radii, trough not so consistently, as there 
are variations. Superradiary: worse than tangential, and 
interradiary quite as bad as latter. The greater persistence 
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of Baillarger is to be noted. Vascularity and chrome are 
greatly +, but not always associated. 

“  Sulei.—Fibres degenerate, especially outermost two 
layers, sometimes absent. Vascularity and. chrome +. 
Inflammatory patches occur. 

Summary of parietal near occıpital.—Great degenera- 
tion of cross-layers and radii, with some variations in 
. different gyri. The superradiary is sometimes the worst 
layer. Vascularity and chrome greatly +, ahd the nerve- 
fibres are worst in association with the arew of vascularity 
and chrome. Perpendicular fibres partake in the general 
degeneration. Baillarger’s layer shows. greater persistence ` 
than rest of interradiary fibres. The sulci show similar 
conditions as to fibre, vascularity and chrome; the two 
outermost layers are the worst. $ 

Occipital near tip “A” (9 gyri).—Tangential fibres : 
normal in four gyri, degenerate in others, with variations 
between gyri, and locally in individual gyri. Superradiary : 
same; normal in same and most in same, with variations 
as above. Interradiary: ditto. Radii: ditto. The worst 
fibres are in connection with engorged vessels and chrome 
patches. Perpendicular fibres: worst in worst gyri. Genu- 
aris band is good in the best. Many strong fibres in 
normal parts. The gyri with best fibres are ‘not vascular ; 
others are unduly vascular and vary. Chrome in excess in 
all but two gyri; very variable distribution. 

Summary.—The cross-layers less degenerate than in pre- 
ceding ares, being normal in four out of nine gyri. In the 
degenerate gyri variations occur, as above described. Same 
remarks apply to radii. Genuari’s band strong and per- 
pendicular fibres present in good specimens. Vascularity 
and chrome +, and follow fibre-degeneration, the latter less 
regularly. 

Sulei (12).—Five normal as regards fibres and vascularity 
and chrome. Rest show degeneration, especially of outer- 
most two layers; vascularity and chrome +, a 
distributed. 

Occipital near tip “B” (another part: 9 ae —Tan- 
gential fibres: three normal, others moderately degenerate ; 
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Summit of gyri worse, and variations between and in gyri. 
Superradiary: five normal, including above three; remain- 
der moderately degenerate, with variations. Interradiary : 
normal throughout. Radiz: normal in seven; others 
moderately degenerate. Vascularity +, goes with fibre-de- 
generation. Chrome +, wish vascularity, but less regular 
distribution. ‘Perpendicular fibres: thin and scanty. 

Summary.—The cross-lazers are less degenerate than in 
previous specifnens, including occipital “A”; only outer- 
most two layers affected, and tangential worse. Variations 
in degree, as above. The radii affected in limited degree. 
Vascularity and chrome +, chiefly with fibre-degeneration. 

Sulct— Normal, except two. In these only tangential 
fibres affected. Vascularity == + in both. 

Summary of occipital—The cross-layers and radii are 
less degenerate than in former parts of the brain examined, 
and less in some parts of the occipital than in others. 
Several normal gyri. Varietions in degree of degeneration 
exist in the affected gyri and in different parts of individual 
gyri. Superradiary less affected than tangential, in some 
cases never more affected. Interradiary layer normal, and 
radii practically the same. Jascularity + with fibre-degen- 
eration, and chrome also, bu; more irregular distribution. 

Sulei.—Much as gyri; saveral normal, others show de- 
generation, especially of outermost two layers. Vascularity 
and chrome as in gyri. 

Temporal “A” (7 gyri).—Tangential fibres: very scanty 
and extremely degenerate; two gyri show variations in 
degree within the gyrus. Superradiary: very scanty and 
very degenerate; varlatione between and in gyri. Inter- 
radiary: ditto. Radii: ditto. Vascularity and chrome +- 
in all, chiefly in deeper parts 

Summary.—Cross-layers and radii everywhere very .de- 
generate, with variations in different gyri, and within gyri. 
Vascularity and chrome +, end go with degeneration. Per- 
pendicular fibres very scanty and degenerate. 

Sulet (6).—Vascularity ard chrome +. Fibres of outer- 
most two layers degenerate in all, and interradiary ditto in 
three. 
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Temporal “B” (another part: 7 gyri).—Tangential fibres: 
extremely scanty and extremely degenerate. Variations 
between and in gyri, summit worst.- Superradiary: ditto. 
Interradiary: ditto. Radii: scanty, very degenerate. Vas- 
cularity and chrome +. Perpendicular fibres thin and 
tortuous. = 

Summary.—A very bad specimen. Extreme degenera- 
tion of cross-layers, and radii is not much better. Variations 
in degree, as in last; but this spesimen is werse than tem- 
‚ poral “A.” 

Temporal “B” (same part: 7 gyri).—The same condi- 
tions as the last. Superradiary fibres are the worst. Sulci 
as in last. - 

Summary of temporal.— Extreme degeneration of cross- 
layers and radu, with variations in different and in individual 
gyri. Vascularity and chrome +, in association with fibre- 
degeneration. The conditions are worse than in occipital 
region, and worse in some parts of temporal than in others. 
The sulci rather less affected, the two outermost layers 
chiefly. Vascularity and chrome +. , 

General summary.—In this case of paralytic dementia of 
the “florid”? type there is widespread and marked degenera- 
tion of all the cortical medullated fibres. The anterior por- 
tion of the frontal lobe and the mid-temporal region show 
the most marked degeneration, and one appears to be as bad 
as the other. Next comes the parietal near the occipital, 
thereafter the frontal near the descending frontal, then the 


central, and lastly the occipital region, with moderate de- 


generation and several normal gyri. Some parts of a region 
or lobe are worse than another, and variations in degree of 
degeneration between different, and even between different 


parts of individual, gyri are noticed.‘ The two outermost . 


layers are often the worst, sometimes equally bad, sometimes 
one, sometimes the other, worse. There is an absence of 
strong and of perpendicular fibres m the worst parts, whereas 
in the normal gyri they are present. Baillarger’s band is 
also noted in normal gyri, with « greater persistence than 


other interradiary, in some gyri where the interradiary are ` 


involved in degeneration. The radii on the whole follow 


’ 
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the cross-fibres in degenera-ion, being worst where latter are 
worst, and vice versä. But in the frontal region they are 
not so notably degenerated ag in the temporal. In the Jeast 
‚affected (central and occipisal) they are mostly normal, and 
not extremely affected where diseased. Of vascularity and 
chrome it may be said that they are greatly increased, the 
vascularity being often enormous, and they vary directly 
with the degree of fibre-degeneration. Fibres are cominonly 
worst in conection with foci of vascularity and chrome. 
The sulci show fibre-degeneration and increase of vascularity 
and chrome, usually much n same degree as the gyri with 
‘which they are associated The absence. (destruction) of 
Meynert’s external associa-ion fibres (with the outermost 
layers) in the sulci of frontal specimens is striking, as this, 
is very uncommon. 


(20) A. W.—On admission: mania. Causation: heredity 
alone assigned. Clinical sourse: continued mania with 
much eroticism, passing into chronic mania which, with 
superadded mental weakness, was present at death. Cause 
of death: pneumonia. Tofal duration: 30 years. Age at 
death : 78. A: 

Frontal (pre-central) “LE” (6 gyri).—Tangential fibres : 
scanty, moderately degenerate throughout, with variations 
“in different gyri and in individual ones. Superradiary : ` 
scanty and degenerate in all; similar variations. Inter- 
radiary: scanty and degen2rate; two worse than others. 
Radii: normal in two, dezenerate in varying degrees in 
- others. Vascularity and chome +, together with variations 
in different gyri. Perpend.cular fibres degenerate; Bail- 
larger fibres not. distinguishable. 

Summary.—Cross-fibres show moderate degeneration. 
Radii less generally affectel. Variations in degree of de- 
generation. Vascularity amd chrome +, with same varia- 
* tions. 

Sulei (5). Fibres moderately degenerate. Vascularity 
‘slight on the whole. Chrome increased in some, 

Pre-central “A” (same pert: 6 gyri).—Bears out previous 
specimens. No perpendictlar and no Baillarger fibres 
observed. 


a 
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Summary pre-central.—See under “A.” 

Parietal “A” (4 gyvi).—Tangential fibres: rather scanty 
and moderately degenerate; some strong ones; variations 
in different and in individual gyri. Superradiary: ditto. 
Interradiary : two normal, with strong fibres ; others scanty 
and moderately degenerate. Baillarger band good. - Radii : 
moderately degenerate and rather scanty. Vascularity = 0 
in three, + in one. Chrome + in three. 

Summary —The two outermost cross- layers worst, but 
only moderately degenerate. Variations as described. In- 
terradiary less affected, but radii as much. Vascularity not 
increased in general, but chrome is. 

Sulei (4). 2 mostly degenerate. Normal in one. 
Vascularity = 0; chrome +. 

Parietal “Br” (another part: 3 gyri).—Tangential fibres: 
scanty and degenerate, with variations as described in last. 
Superradiary: one normal, others very scanty and degen- 
erate. Interradiary: two normal, the third degenerate. 
Baillarger layer good where fibres normal. Radii: same as 
interradiary. Vascularity =0; chrome +, moderately and 
interradiary. Perpendicular fibres numerous and moderately ° 
degenerate. 

Summary.—The cross-fibres and radii show degeneration, 
moderate; the two outermost layers more uniformly, and 
tangential most so. Vascularity = 0; chrome moderately 
and locally +. 

Sulei.—Fibres scanty and degenerate. Vascularity and 
chrome = 0. 

Summary parietal.—The cross-fibres and radii are mod- 
exately degenerate, especially two outermost layers, with 
variations in different and in individual gyri. A rather 
better specimen than the pre-central. “Vascularity is not 
increased ; chrome moderately so. i 

Sulei.—Fibres mostly Scanty and degenerate. Vascu- 

. larity and chrome not increased. 

Occipital “A” (15 gyri).—Tangential fibres: normal in 
six; degenerate to moderate extent, and with variations 
between and in gyri in nine. Superradiary: normal in 
seven; moderately degenerate in eight, with same varia- 
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tions. Interradiary : normal in four ; moderately degenerate 
and scanty, with variations, in eleven. Radii: normal in 
six, in nine scanty and moderately degenerate, with varia- 
tions. Vascularity + in al. save two. Chrome + moder- 
ately. Variations as in fibre-degeneration. Perpendicular 
fibres normal. 

Summary.—The cross-layers and radii are normal ‘in 
a large number of gyri and show only moderate degeneration 
in the others.* No one layer worse than another. Varia- 
tions in degree of degeneration, including local variations in 
individual gyrus, in all layers. Vascularity and chrome 
are +, especially former, with the same variations. Per- 
pendicular fibres not affected. 

Sulci.—Majority show scanty and degenerate fibres with 
vascularity and chrome +. Only one normal one. 

Occipital ‘ A?” (same part, 11 gyri).—-Tangential fibres 
normal in nine gyri, the other two show extreme degenera- 
tion in patches, in connection with vascularity and chrome. 
Superradiary: eight norma., the rest as in tangential fibres. 
Interradiary : same as superradiary. Radii: ditto. Vascu- 
larity and chrome normal in three, in eight they are +, 
with variations in different gyzi. 

Summary.—Greater part of specimen is normal ; the two 
diseased gyri show extensive degeneration, all layers equally’ 
involved. Vascularity and chrome are +, out of proportion 
to the fibre-degeneration. Perpendicular fibres moderately 
degenerate. 

Sulei (11).—Five normal. Others show fibre-degenera- 
tion and patchy vascularity and chrome. 

Occipital “ A?” (same Dart, 7 gyri).—Tangential fibres 
normal in four, the others moderately degenerate, with 
variations between and in gyri. Superradiary: ditto. Inter- 
radiary : two normal, and others also except for faci of fibre- 
degeneration in connection with vascularity and chrome. 
Radii: five normal, others saow local degeneration as above. 
Perpendicular fibres moderately degenerate, Genuari’s band 
only prominent in one gyris. Vascularity and chrome + 
in six, chiefly patchy, and variations in gyri, as above. 

Summary.—More widespread, though moderate, degenera- 
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tion amongst cross-layers than in last. Some gyri normal. 
Radii principally normal. The degeneration is chiefly focal, 
in connection with vascularity and chrome. Variations in 
degree as described. ` 

Sulei (4). —Fibres degenerate, interradiary least. Vascu- 
larity and chrome +. 

Summary of occipital “ A.’—Only moderate degenera- 
tion of cross-layers and of radii in equal measure, and many 
gyri normal. Degeneration chiefly focal, in connection with 
vascularity and chrome +, in patches. 

Sulet.—Fibres degenerate: fawer normal than sulet. 
Vascularity and chrome +. : 

Occipital “ B” (another part: & gyri).—Tangential fibres 
normal, except for focal degeneration in connection with 
increase of vessels and connective tissue. Variations in 
gyri. Superradiary: normal. Inserradiary: ditto in three, 
foci of degeneration in others. Radii: ditto. Vascularity 
and chrome +, in patches. Gyri four and five worst in all . 
respects. 

Summary.—Moderate degeneration of cross-layers and of 
radii in foci, with increase of vasctlarity and chrome: apart 
from these the specimens are normal. 

Sulei (2).—Fibres degenerate and vascularity and 
chrome +. 

Summary of Occipital.—The sross-layers and radii are _ 
normal in a large number of the grri examined, but in about 
an equal number there is moderate degeneration, all layers 
being about equally involved. ‘Variations in degree of 
degeneration between gyri and in gyri. The chief feature is 
the focal degeneration in connecticn with increase of vascu- 
larity and chrome in patches.. 

Sulei.—More show degeneration (of moderate degres) 
than in case of gyri. Vascularity and chrome +. 

Temporal (7 gyri).—Tangentia. fibres extremely scanty 
and degenerate in all, with similar variations to last, 
Superradiary: three normal, four degenerate and scanty. 
Interradiary : all normal. Good Baillarger. Radii: ditto. 
Vascularity and chrome + slightly, with variations in 
different gyri. f 


` 


ae 
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Summary.—The two outermost cross-layers show de- 
‚generation, the outermost Jeing the worst and most wide- 
‘spread. Varations in degree, of degeneration as described. 
‚Vascularity and chrome sligit, probably because the deeper 
parts are normal. . 

Sulei.—Fibres normal. Vascularity and chrome only 
slight. 

General Summary.—In this case of chronic mania the 
cross-layers are only moderately degenerate in the different 
regions examined, the pre-central area being the most 
affected, thereafter the parietal, followed by temporal and 
occipital regions. In the occipital there are several normal 
gyri. The two outermos; layers are commonly most 
affected, without notable distinction. “The radii are involved 
as much as the interradiarr. Throughout the layers there 
is a disposition for fibre-degeneration to be present in foci 
associated with increase in vascularity and chrome. Varia- 
tions in degree of degeneration are present between gyri 
and parts of individual gyri. Perpendicular fibres are only | 
moderately degenerate, with the rest of the fibres. 

Sulci.—Are quite as degenerate, in respect to fibres, as the 
gyri, and rather fewer are normal. Vascularity and chrome 
are only slight. 


(21) M. E.—On admiss.on: acute mania. Causation: 
third attack (mo cause given for previous attacks)—this- 
one stated to be due to worry and the puerperal state. 
Clinical course: she passed from mania into melancholia, 
and gradually became stuporose. At death: melancholia 
with stupor. Cause of death: phthisis. Total duration: 
5} years. Age at death: 37. ‘ 

Frontal.—Tangential fibres: extremely scanty and very 
degenerate. Superradiary : ditto. Interradiary : worse than 
above. Radi: scanty, degenerate. No perpendicular fibres. 
‘Vascularity = 0, chrome +. in patches. 

Summary.—Cross-layers very scanty and degenerate ; 
interradiary the worst, and superradiary the next. Radii 
participate. Vascularity = 0. Chrome +. 

' Parietal “ A.’—Tangensial fibres: not scanty, moder- 
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ately degenerate. Superradiaty: ditto. Interradiary: 
. normal. Radii: ditto. Vascularity and chrome = 0. 

Summary.—Moderate degeneration outermost, two 
layers. i : 
Parietal “ A” (same part).—As.in last. Some perpen- 
dicular fibres exist. Vascularity = 0. Chrome +, irregu- 
larly. 

Temporal.—Tangential fibres: numerous, moderately 
degenerate. Superradiary: very scanty amd degenerate ; 
worse. Interradiary: moderately degenerate, fairly numer- 
ous. Variations in degree of degeneration in the gyrus. , 
Radii: ditto. Perpendicular: very scanty. and moderately 
degenerate. Vascularity = 0. Chrome +, general and in 
patches of intensity. ` 

Summary.—Moderate degeneration of cross-layers and 
radii, with variations, superradiary excepted, these the 
worst. Vascularity = 0. Chrome +. 

Occipital “ A.”—Tangential fibres : very scanty and very 
degenerate on summit: normal zlsewhere. Superradiary: 
ditto. Interradiary, degenerate, but less so. Radii: 
trunks normal, terminals degenerate over summit. Vascu- 
larity = 0. Chrome +, worse in patches. l 

Summary.—Cross-layers degenerate, but only over sum- 
mit. Two outermost layers worst, and terminals of radii 
involved. : 

Occipital “ B” (another part).—Tangential fibres : scanty 
and degenerate, except on one side, where they are normal. 
Superradiary: more locally affected. Interradiary: very 
scanty and degenerate on one side, normal elsewhere. 
Radii: ditto. Vascularity —0. Chrome greatly 2 

Summary. —Ä worse specimen than last; all layers show 
degeneration, tangential most, others equally, with much 
variation in individual gyrus, normal parts adjoining 
-diseased. Vascularity = 0. Chrome much +. 

"Summary of Occipital—Cross-layers show moderate 
degeneration, also radii, but only in parts of the individual 
gyri, and some parts of the area are worse than others. No 
, vascular increase, but chrome is +. 

General Summary.—In this case of emotional disorder 
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the cross-layers show varying degrees of degeneration in 
different parts, the frontal specimens being the worst, with 
marked degeneration of all layers, temporal, occipital’ and 
parietal, following in order the last has only the outermost 
two layers affected. In the occipital considerable variations. 
exist within the limits of the individual gyrus. The tan- 
gential sometimes, sometim2s superradiary, is worst. In the 
frontal specimen the interrediary is worst—an unusual con- 
dition. Radii* most affected in the frontal and temporal, ` 
following cross-fibres. Vascularity is not increased with 
fibre-changes, whereas chrome is—an unusual condition. 
The perpendicular fibres, as far as noted, follow the others. 
. in point of degeneration. 


(22) D. L.—On admission: delusions of persecution. 

Causation: heredity only assigned. Clinical course: thé 
.state persisted for some fire years, then dementia became 
miore apparent.‘ At death dementia with mild delusions. 
Total duration : 37 years. Dause of death : pneumonia. 

Frontal “ A.”— Tangential fibres: scanty and degenerate. 
Superradiary: worse, very scanty and very degenerate. 
Interradiary : worse : extremely scanty and very degenerate. 
Radii: scanty and degenerate; terminals worse. Vascu- 
larity and chrome = 0. No Baillarger band. 

Frontal “B” (another part)—Much as above, only 
tangential shows variations. Some degenerate perpendicular 
fibres. 

Summary.—Marked degsneration of cross-layers, inter- 
radiary worst, superradiaryrext. Terminals of radii equally 
bad. Baillarger not present, and perpendicular fibres 
degenerate. Vascularity ani chrome = 0. 

Parietal “A” (2 gyri).—Tangential fibres: extremely 
scanty and very degenerate in one; numerous; moderately 
degenerate in other. Superzadiary : normal in places, very 
degenerate at others; summit degenerate. Interradiary : 
normal in one, scanty and degenerate at summit in other. 
Radii: moderately degenerase in one, great degeneration in 
other. Vascularity = 0. Chrome +, only at sides. 

Summary.—Cross-layers (especially two outermost) and 
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radii show degeneration, the latter as much as the former, 
with marked variations between neighbouring gyri. Vascu- 
larity = 0. Chrome +, regularly. 

Parietal “B” (another part: 1 gyrus).—Tangential 
fibres: extremely scanty and very degenerate. Superra- 
diary: rather less affected. Interradiary : slightly scanty 
and slightly degenerate. Radii normal. Vascularity and 
chrome as in last. 

Summary of Parietai—All cross-layers degenerate, tan- 
gential worst ; superradiary next. One specimen shows local 
variations, the other does not. Radii show quite unlike 
conditions in the two specimens. Vascularity does not 
follow fibre changes, but chrome is increased. One sulcus ; 
much same conditions as gyri; the two outermost layers of 
fibres affected. 

Occipital “A” (2 gyri). — Tangential fibres: fairly 
numerous ; moderately degenerate. Superradiary: normal ; 
many strong fibres. Interradiary: ditto.. Radii: ditto. 
No vascularity. Chrome +. Some perpendicular fibres. 

Summary.—A normal specimen, except for moderate 
tangential degeneration. One sulcus : normal. 

Occipital “ B” (another part: 2 gyri).—Same description 
as for last. Chrome is +, and general. One sulcus: 
normal. : 

Temporal “A” (2 gyri).—Tangential fibres: very scanty © 
and very degenerate. Superradiary: worse. Interradiary : 
very scanty and moderately degenerate. Radii: very 
degenerate. Vascularity is slight. Chrome general, and 
also increased in patches. 

Summary.—All cross-fibres and radii show considerable 
degeneration, the outermost layers chiefly, superradiary 
most. Vascularity not proportionately increased. Chrome 
is +. One sulcus; same conditions as gyri. 

, Temporal “ B” (another part).—The same description as 
for last. One sulcus: the same. f 

General Summary.—In this case of delusional insanity, 
with terminal dementia, the cross-layers show marked 
scantiness and degeneration in frontal and temporal regions 
.to about an equal extent. The parietal region is less 
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affected, and the occipital is normal, except for moderate- 
tangential degeneration. A point is that the interradiary 
layer is sometimes worst ard sometimes the superradiary. 
The tangential is not oftener the worst. No local varia- 
tions, except in parietal. Ir the two worst regions the radii 
show considerable degenerasion, but less in the parietal. 
Vascularity is not increased, notwithstanding the fibre- 
degeneration (and that the case died from pneumonia). 
Chrome is gexerally +, aad ‘therefore does not follow 
vascularity. In the very degenerate frontal no Baillarger 
band is made out, and th2 perpendicular fibres are de- 
generate. Sulei follow gyri, showing much the same 
degenerations in the degenezate parts, and being normal in 
normal paris. ; l 

(23) H. L.—On admission: subacute mania. Causation : 
senility +, a previous attack (83 years before, lasted 12 
months). Clinical course: the same state until death. 
Total duration: two montks. Cause of death: chronic 
renal disease and brain atropay. Age at death: 66. 

Frontal “A” (T gyri).—In six gyri, tangential fibres, 
superradiary and interradiary, normal, but some degener- 
ation of fibres observed in ths two latter layers about foci of 
vascularity and chrome. adii: normal. Baillarger well 
marked. Some perpendicular fibres noted. In gyrus 7 
all fibres scanty and moderately degenerate; parts of the 
` gyrus worse than others. Vascularity + in all; chiefly 

superradiary and interradiary Chrome + and around the 
_ vessels. i 

Summary.—Cross-layers ənd radii normal in six out of 
$ seven gyri, except in connecsion with ares of vascularity. 
No. 7 is degenerate. Vasculerity and chrome +. 

Sulei (7), —In four, fibres are normal; in three, scanty 
and degenerate. Vascularity and chrome +. ` 

Frontal “A” (same part: 8 gyri).— The same conditions 
as in “A.” \ 

Frontal “ B” (another part: 13 gyri).—Tangential fibres 
normal in eleven gyri, except for moderate degeneration in 
connection , with congested vessels. In Nos. 12 and 

VOL. XXIII. 40 


626 ORIGINAL ARTICLES AND CLINICAL CASES 


13 they are scanty and very degenerate; worst in 
12. Superradiary: ditto. Interradiary: ditto. Radii: 
normal in nine, except about vessels; in two others only 
the terminals degenerate at summit; in 12 and 18 the 
radii very degenerate. Vascularity + in all, worst in 12 
and 13. Chrome +, follows vessels. 

Summary.—Cross-layers and radii normal in eleven gyri 
out of thirteen, except for moderate degeneration in connec- 
tion with vascular disturbances. They are yery degenerate 
in the two remaining gyri. Vascularity and chrome + in 
all, but worst in last-mentioned gyri. 

Sulci.—Outer two layers moderately degenerate in all ` 
except two, where fibres are normal. Vascularity and chrome 
irregularly increased. l 

Frontal “ B” (same part, 13 gyri).—The conditions are 
the same. : 

. Summary of frontal region.—The cross-layers and radii 
are normal in the great majority of gyri, except where they 
abut on foci of vascularity and chrome. l 

In the minority of gyri the medullated fibres are either 
moderately or, at times, very degenerate, with occasional 
variations in degree in individual gyri, and vascularity and 
chrome are more marked in these. The sulci show moder- 
ate fibre-degeneration, with vascularity and chrome + ; but 
many sulci are normal. 

Parietal “A” (in or immediately behind ascending 
parietal: 7 gyri).—Tangential fibres: five gyri show de- 

‘generation, No. 1 being worst; variations in individual 
gyri in respect of degeneration; two gyri normal, except 
where fibres trench on congested vessels. Superradiary : 
three gyri show degeneration, to which above applies ; four 
are normal, with similar reservations. Interradiary: two 
show moderate degeneration, as above; five normal, simi- 
larly. Baillarger and perpendicular fibres well marked in 
some. Radii: only one gyrus shows degeneration. Vas- 
cularity +; ‘chrome + only in the most vascular gyrus, 
No. 7. ` 

Summary.—The tangential fibres show the most wide- 
spread degeneration, the condition being more limited as 
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one proceeds from without inwards; radii only affected in 
one’ gyrus. Even in the normal gyri there are degenerate 
fibres about the congested vessels in all layers. Variations 
in intensity of degeneration, as described. Vascularity +, 
but chrome generally not so. 

_Sulei.—Fibres normal in majority, and vascularity and 
chrome are +. 

Parietal “ A!” (same part: 8 gyri).—Tangential fibres : 
scanty and vety degenerate in all. Superradiary: very 
scanty and very degenerate. Interradiary : ditto. Baillarger 
exists only in two. Radii: degenerate; variations in dif- 
ferent gyri. Vascularity +; chrome = 0. 

Sulct.—Fibres degenerata, and vascularity and chrome + 
in all, some worse than others. 

Summary.—A much worse specimen than last, though 
taken very near it. All cross-layers very degenerate, and 
radii involved, though to a less degree. Vascularity +; 
chrome = 0. 

Parietal “A?” (same part: 6 gyri).—Same summary as 
in last; vascularity + in all; chrome = 0, except in one 

rus. 

Sulei (9).—Fibres throughout very scanty and very de- 
generate, especially outermost two layers. Vascularity and 
chrome +. 

Parietal “ A?” (same part: 8 gyri).—Tangential fibres : 
normal in all, except No.8; these very degenerate, especially 
at summit. Superradiary : d:tto. Interradiary : ditto. Bail- 
larger band well marked ; same perpendicular fibres. Radii: 
ditto. Vascularity + in all, except one gyrus; worse 
locally in individual gyri; worst in No. 8. Chrome + ; 
worst in No. 8. Three gyri free. 

Summary.—A much-bett2r specimen than last. Medul- 
lated fibres normal in all, except in one; here very de- 
generate, especially at summit. Vascularity +, out of 
proportion to fibre-changes, but most marked where latter 
worst. Chrome much the seme, but less widespread. 

Summary of parietal.—There are great variations in the 
state of the medullated fibres in different sections ; in some 
sections only the tangential fibres show consistent de- 
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generation, in others, taken very near the last, all fibres show 
great degeneration in all gyri. In others, again, all fibres 
are normal. In respect to all otherwise normal gyri a 
reservation is made as regards foci of fibre-degeneration in 
all layers in connection with vascularity. Baillarger’s band 
and the perpendicular fibres are found.in the most normal 
gyri. . Vascularity is +, chiefly as large, isolated, con- , 
gested vessels, and follows fibre-changes. Chrome does not 
regularly follow vascularity, and is often absent. The sulci 
follow gyri approximately; those connected with better 
- sections have normal fibres, and vice versé. Vascularity 
and chrome are +. f 

Parietal posterior to ascending parietal “ A” (8 gyri).— 
` Tangential fibres: scanty and moderately degenerate in 
all. Superradiary: ditto; in most gyri worse than tan- 
gential. Interradiary: scanty and moderately degenerate ;. ` 
no Baillarger. Radii: scanty and moderately degenerate.. 
Vascularity + greatly in foci. Chrome +, around vessels. 
A few degenerate, perpendicular fibres. Seldom variations in 
individual gyri. 

Summary.—The cross-layers and radii are throughout, 
degenerate, chiefly in moderate degree, but superradiary are- 
the worst. Baillarger absent, perpendicular fibres degen- 
erate. Vascularity and chrome + in foci; large blocked 
vessels. 

Sulet.—Vascularity and chrome + in all and fibres. 
scanty, except in one normal specimen ; but vascularity is 

+ in this also. 

' Parietal posterior to ascending parietal “ B” (another- 
part: 7 gyri).—Tangential fibres: scanty, moderately de- 
generate. Superradiary: ditto. Interradiary : slightly de- 
generate and scanty. Baillarger more marked in some than 
others. Radii: normal except in one, where moderately 
degenerate and scanty. Vascularity +, but chiefly capillary. 
Chrome is slight. Strong fibres very rare. 

Summary.—A better specimen than last, the two outer- 
most layers only being equally affected. Vascularity and. 
chrome are also less. i 

Sulev.—As in gyri. 
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Summary of parietal posterior to ascending parietal.— 
The appearances differ in iifferent parts, one being more 
degenerate than the other. Degeneration is usually mod- 
erate. Superradiary regior in places the worst. Inter- 
radiary not always better than tangential. Baillarger band 
and perpendicular fibres affected in more degenerate parts, 
and vascularity and chrome 2reater. 

Sulct.—These in general show less degeneration. Vas- 
cularity and cltrome +. 

Occipital “A” (far back in the lobe, near tip: 7 gyri). 
Tangential fibres: scanty and moderately degenerate in all, 
chiefly on sumfuit. Gyri Jiffer in degree, and individual 
gyri show differences, parts normal and others degenerate. 
Superradiary: ditto. Interradiary: normal. Radii: ditto. 
_ Vaseularity and chrome + in association in all. Strong 
fibres in fair amount in all leyers. 

Summary.—The two octermost layers show moderate 
degeneration, with variation» as described. Vascularity and 
chrome +. 

Sulei.—Fibres normal. Vascularity + in all and chrome 
in some. 

‘Occipital “B” (another part, more. forward: 9 gyri).— 
Tangential fibres and superradiary: scanty and moderately 
degenerate in six gyri; in rest of gyri all fibres normal. 
Baillarger well marked in some. Vascularity and chrome 
+, as in last. 

Sulei (6): normal; a cap llary vascularity. . 

Summary.—Much the same conditions as in “ A.” 

Occipital “B” (same part: 9 gyri).— Same conditions ` 
as last. 

Summary of occipital.—But little fibre-degeneration, 
only the outermost two layers showing it in moderate and 
equal ‘degree. Variations ir degeneration in parts as de- 
scribed. Vascularity and chrome + in association. Bail- 
larger fibres and strong, are not affected. The sulci are less 
affected, vascularity only bang moderately increased; no 
fibre-changes. 

Temporal “A” (4 gyri)—Three normal. In fourth: 
tangential fibres: moderately degenerate. Superradiary : 
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ditto. Interradiary: ditto. Radii: extremely degenerate. 
Vascularity + in all, chiefly interradiary, worst in fourth. 
Chrome + in all, but less in fourth. 

Summary.—Normal in greater part except for increase 
in vascularity and chrome. One gyrus shows moderate 
degeneration of cross-layers and much greater of radii. 
Vascularity and chrome +, though former alone follows 
fibre-degeneration. 

Sulci (8).—Superradiary : fibres degenerate in one, and 
vascularity and chrome +. 

Temporal“ A'” (same part, 10 gyri).—Tangential rene 
six are normal and four others also except for scantiness 
and moderate degeneration at summit. Superradiary: 
ditto. Interradiary : nine normal, one very degenerate. 
Baillarger’ s band in many of the normal. Radii: normal 
in eight, and in other two only terminals ‘degenerate. Vas- 

cularity and chrome + in all, chiefly interradiary. 

Summary.—Cross-fibres and radii normal in the main, 
the outermost two layers showing moderate degeneration at 
summit in a minority. One very degenerate gyrus as regards 
interradiary. Vascularity and chrome +. 

Sulei (7).—Normal except for moderate degeneration in 
connection with vascular patches. 

Temporal “ A? ” (same part: 4 gyri).—Tangential fibres : 
scanty and degenerate and worst at summit in three, normal 
in one. Superradiary : ditto. Interradiary: normal. Radii: 
normal in two, in others scanty and moderately degen- 
erate, especially at summit. Vascularity and chrome +, 
chiefly interradiary. 

Summary.—The two outermost, cross-layers moderately 
degenerate, with local variation, in majority of gyri. Inter- 
radiary : normal, whilst radii moderately involved in some 
` gyri. Vascularity and chrome +. 

Sulei (8).—Fibres normal. Vascularity and chrome +, 
with variations between sulci. 

Summary of temporal “ A.”’—Moderate degeneration of 
cross-layers, especially outermost two, in minority of gyri. 
Variations in degree of degeneration in individual gyri fre- 
quent. Radii: less affected, but to a greater extent than 
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cross-fibres in one gyrus; one very degenerate interradiary 
layer also seen, Baillarger’s band in many, of them normal. 
Vascularity and chrome — uniformly, and in association. 
- Sulci show also only moderate degeneration of fibres in . 
connection with patches of vascularity and chrome. 

Temporal “ B” (another part, 6 gyri).—Tangential fibres : 
normal in five, scanty and moderately degenerate over : 
summit in sixth. Superrađiary : three normal, others scanty 
“and moderately degenerat2. Interradiary: normal, except 
one, where the fibres moderately degenerate over summit. 
Baillarger hardly exists. Fadii: fibres and terminals degen- 
erate, especially at summit in Nos. 1 and 2; four are normal. 
Vascularity and chrome + in all, with variations in different 
and in individual gyri, chiely interradiary. 

- Summary.—Cross-fibres not free from moderate degen- 
eration, though this is very limited, most gyri being normal. 


The superradiary most widely degenerate. Interradiary not -` 


better than tangential, and radii are as much involved as 
either. Vascularity and chrome +, rather out of proportion - 
to fibre-changes. ; . 

Sulei (5).—Fibres chiefy degenerate. Vascularity and 
chrome + in all with variations. 

Temporal “B” (same part, 9 gyri).—In seven, tangential 
fibres are normal; moderately degenerate and scanty, chiefly 
at summit in two. Superradiary: normal in all. Inter- 
radiary: ditto. Radii: ditto. Perpendicular fibres fairly 
numerous and normal. Vascularity and chrome + in-all, 
chiefly interradiary. 

Summary.—Normal conditions with slight or very 
localised tangential degeneration in two. Vascularity and 
chrome also disproportionataly increased. 

Sulei (7).—Fibres normal, but vascularity and chrome 
greatly +. , 

Summary of temporal ‘“B.”’—Very limited and 
moderate degeneration of sross-fibres and of radii. The 
gyri are chiefly normal. One specimen rather worse than 
the other, although cut from very near latter. Perpen- 
dicular fibres normal. Vaszularity and chrome +, and out 
of proportion to fibre-changes. 
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Sulci.—These agree ik the gyri in presenting moderate 
fibre-degeneration, not widespread, and vascularity and 
chrome +, out of proportion to this. 

Summary of temporal.—The cross-layers are only 
“ moderately and very locally degenerated, the majority of the 

gyri being normal. The radii on the whole are less affected, 
but in rare instances as much and even more. Variations 
in degree of degeneration in individual gyri: often only a 
very limited part involved, rest of gyrus formal. Bail- 
larger’s band and perpendicular fibres noted in many of the 
normal. Vascularity and chrome — generally and often out 
of proportion, as stated. 

Sulei.—Only moderate degeneration, where affected: 
largely normal. Vascularity and chrome +, general. 

General summary.—In this case of subacute mania the 
degeneration of the cross-layers and radii is very seldom 
striking, a large number of gyri being normal throughout 

. the hemisphere, and only moderate degeneration, as a rule, 
occurring where any is present. Throughout there is an 
increase in the fibre-degeneration locally in connection with 
patches of vascularity and chrome. Here the impression 
left is that the vascular changes wére initial and those of the 
fibres secondary:; the vascular patches are often very promi- 
nent, composed of large blocked vessels, whilst the fibre- 
degeneration is, as a rule, moderate. And outside these 
foci the fibres are so frequently normal; and the general 
vascularity is often out of proportion to the changes in 
fibres. Some very degenerate sections are in close proximity 
to others nearly normal. In one region (hind-parietal) it is 
noted that the superradiary layer is often the worst: other- 
wise the two outermost layers are on the whole the most 
affected, though superradiary is as much involved as, tan- 
gential, and fairly often the interradiary layer is as involved 
as elther. 

Variations in degree of degeneration occur frequently 
between gyri and parts of individual gyri. Baillarger, 
strong, and perpendicular fibres are noted as well marked 
where gyri are normal, and absent or degenerate and scanty 
in some of the worst specimens. In the frontal, central, and 
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parietal regions the radii show moderate degeneration in 
several -gyri, the terminal: being worse; less in temporal 
region. In the occipital they are normal. Vascularity and 
chrome are generally +, and go together with fibre degen- 
eration, though vascularity is in some areas + out of 
proportion thereto. Foci o' large, blocked vessels, with deep 
chrome-ares about them, occur. There is no marked dif- 
ference in degree of degeneration between the different parts 
of the hemisphere: the central and paretial regions are 
rather the worst, and frontal is no worse than occipital and 
temporal ; the latter three «bout equally involved. 

Sulci.~Are* chiefly like the gyri, showing normal con- 
dition of fibres usually, end only moderate degeneration 
where any. Vascularity end chrome are +, and out of 
proportion to fibre-changes 


(24) R. M.—On admission: acute mania; much inco- 
herence; hallucinations; mo violence. No cause known (a 
vagrant). Clinical course became quieter, but remained 
hallucinated and deluded and very incoherent. Able to 
work. This was the condtion at death, which was due to 
pneumonia. . Age at death: 27. Total duration: 5—6 
years. 

Pre-central (9 gyri).— Tangential fibres: very scanty and 
very degenerate. Some variation in gyri; in the worst they 
are practically absent. Sunerradiary: ditto. Interradiary : 
less scanty, but almost as Cegenerate; no Baillarger. Radii: 
very scanty and very degercerate. Variations between gyri, 
in respect of these and last. Vascularity +, generally, 
chiefly capillary. Chrome +, but less regularly, and not 
always following vasculariy. In No. 9 chrome obliterates 
all fibres, except tingen. No perpendicular and no 
strong fibres. 

Summary.—Great degeneration of cross-layers of radii. 
Tangential and superrađiry worst and equally affected. 
Occasional variations betwen gyri. Vascularity +, diffuse. 
Chrome +, but less regulerly, and not always with vascu- 
larity. In great excess in one gyrus. 

Pre-central “A?” (9 gyri, same part).—The same con- 
ditions. 
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Sulei (9). —Fibres very scanty and very degenerate on 
the whole, with fewer variations than on gyri. Vasculavity 
and chrome + and together. 

Parietal “A” (2 gyri).—Tangential fibres: abundant, 
moderately degenerate. Superradiary: scanty, moderately 
degenerate. Interradiary: normal. Good Baillarger. Radii: 
normal, terminals moderately degenerate. Perpendicular 
fibres: very scanty and moderately degenerate. Strong 
fibres in various layers. Vascularity +, “large blocked. 
Chrome +. 

Summary.—Moderate degeneration of the outermost 
layers, in which terminations of radii involvéd. 

Parietal “B” (another part; 2 gyri)—Tangential 
fibres: very scanty and very degenerate; worse in one 
gyrus. Superradiary: ditto. Interradiary: very scanty 
and extremely degenerate in one gyrus, and Baillarger 


absent; the other less affected but still scanty and de- ` ` 


generate. Radii: in both degenerate; terminals worse. 
Vascularity + in both. Chrome + in both. Both less in 
one gyrus. Perpendicular fibres scanty; strong fibres not 


marked. 


Summary.—Great.degeneration of all cross-layers, inter- 
radiary equally with others, with variations between gyri. 
Radii involved, but less so, except terminals. Vascularity 
and chrome +, with variations as above. 

Summary of parietal.—Great variation in degree of 
degeneration of fibres; moderate of two outermost layers 
(with terminals of radii) in one part; extreme of all 
layers, with radii involved, in the other. Strong, perpen- 
dicular, and Baillarger fibres better in the better specimen. 
Vascularity and chrome general, and +. 

Temporal (4 gyri).—Tangential fibres: extremely scanty 
and very degenerate in three, less in fourth. Superradiary: 
less scanty, with variations in different gyri; very de- 
generate; summit worst. Interradiary: numerous, very 
degenerate. Baillarger well marked. Radii: moderately 
degenerate, terminals worse. Vascularity + in all. Chrome 
= 0 in two, except about vessels; dense in two. Strong 
fibres, few, degenerate ; perpendicular fibres = 0. 
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Summary.—All cross- ayers show much degeneration, 
progressively less from w.thout inward; radii less affected, 
but terminals equally wish cross-fibres. Majority of gyri 
equally affected. Vascularity + uniformly; chrome irregu- 
larly +. 

Occipital “A” (8 gyri .—Tangential fibres: very -scanty 
in five, numerous in three; very degenerate in all save seven 
and eight, these only slightly so. Superradiary: scanty in 
six, numerous in two, and very degenerate ; only slightly so 
in seven and eight. Intarradiary: scanty and moderately 
in three, normal in three including Nos. 7 and 8), numerous 
and moderately degenerat= in two. Baillarger only present 
in “numerous ” ones. Radii: moderately degenerate, ter- 
minals worse ; in Nos. 7 and 8 only terminals affected. Vas- 
cularity greatly + in all; shrome only slight. Perpendicular 
fibres: few and degenerase. l 

Occipital “B” (anotket part, 7 gyri).—The same con- 
ditions. 

Summary of occipital.—The outermost two cross-layers 
chiefly affected, usually santy, and commonly very degen- 
erate in equal degree. Terminals of radii equally involved ; 
other fibres in less degrze. Two gyri much better than ` 
others. Vascularity + ; chrome only slight. 

Sulei (4).—Fibres degenerate.’ Vascularity and chrome 
as above. j ; 

General summary.—la this case of acute passing into 
chronic mania there is considerable degeneration of the 
cross-fibres, especially of the two outermost layers, and in 
equal degree in all regions, the frontal being the worst, 
the parietal and temporal about equally involved, and the 
occipital least. The radii are almost as affected as the cross- 
fibres in the frontal, but ess in the others, though their ter- 
minals are always involved. Strong and perpendicular fibres 
are absent in the worst s.ecimens. Variations between gyri 
‘and in individual gyri m the less degenerate specimens. 
Vascularity is consistent.y +, and is probably in association 
with the pneumonia, wh:ch caused death ; but chrome does 
not regularly follow. 

The sulci show much the same conditions as the gyri. 
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(25) M: B.—On admission: acıte mania. Causation : 
no assigned cause, the cọùdition came on as simple mania, 
and this produrmal state lasted 2 years. Clinical course: 
the simple mania passed into an acute condition which 
lasted 2 months, thereafter acute delirium supervened, ~ 
lasting 6 weeks, about. Great emaciation; sordes; syn- ` 
copal attacks. She died in one of these. Cause of death: . 
~ exhaustion from acute mania: Brown atrophy of the heart. 
Age at death: 31. . 

Frontal (3 gyri).—Outermost zone is occupied by chrome 
and capillaries, obliterating the tangantial fibres. All cross- 
fibres extremely scanty and extreme_y degenerate. The radii 
» are also very scanty and very degenerate, scarcely less so 
than the others. Vascularity + general but not marked. 
Chrome is moderate, except in anterior zone. No per- 
pendicular, no Baillarger, and no strong fibres. 

Summary.—An exceedingly degenerate specimen. 

Parietal (2 gyri).—Tangential filtres obscured by chrome 
and capillaries. Superradiary : very scanty and very degen- 
erate in one, not so far gone in the other. Interradiary : 
_ scanty: some largeness: very degenerate. Radii very 
" scanty and very degenerate. Vascularity and chrome = 0, 
except in outermost layer. No Baillarger fibres; perpen- 
dicular fibres rare and degenerate. 

Summary.—A very degenerate specimen, not quite so 
bad as frontal. 

“ Occipital (3 gyri).—The fibres are scanty and degenerate 
throughout, including the radii. No Baillarger band. Some 
perpendicular and strong fibres exist, but are degenerate. 
Vascularity = 0. Chrome = intense in outermost zone, 
and large patch occurs on one side of gyri, tending to 
obscure all layers. 

Summary —A. very degenerate specimen, rather less so 
than the two preceding. 

Temporal (3 gyri).—Tangential fibres: a very few de- 
generate to be seen, most of the zone obscured by chrome. 
Superradiary: scanty, but less so than in previous; ex- 
tremely degenerate. Interradiary: ditto. Radi: ditto. 
Some degenerate, strong and perpendicular fibres seen 
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throughout. Vascularity = 0. Chrome slight, except for 
outermost layer. i l , 

Summary.—A very degenerate specimen, but on the 
whole the least of all. i 

General summary.—In this case of acute mania passing 
into acute delirious mania the cross-layers and radii show 
very great degeneration in all parts examined, the frontal 
gyri being the -most affected, the temporal least. The tan- 
gential fibres eannot be made out, except very rarely, owing 
to deposit of chrome and to capillary engorgement in the’ 
outermost zone. The pia only moderately thickened. The 
other cross-fibwes are abont equally affected, and the radii 
are but little less involved, the degeneration in all fibres 
being extreme. The perpendicular fibres, the strong and 
the Baillarger disappear in the worst gyri, and are very 
scanty and degenerate in tne others. Notwithstanding fibre- 
degeneration the vascularty and the chrome—apart from 
the outermost zone—are very slight., 

The conditions as to vascularity and chrome-deposit in 
the various cases examined may be summarised as follows: 
—In 13 out of' the 25 ceses—and in various forms of in- 
‘sanity, mostly those of some years’ duration—the vascu- 
larity is considerably increased, commensurately with the 
degree of fibre-degeneraticn. The increase is chiefly in the 
interradiary and superradiary layers. It is most marked 
in the cases of paralytic dementia (although these are of 
comparatively short dura:ion). In 4 of the 13 cases there 
was a bodily disease, causing death (pneumonia 3, Landry’s - 
paralysis, 1), which might have been regarded as responsible 
for the cortical congestior ; but in two other cases in which 
pneumonia caused death there was no such congestion. 
And in other cases dead of phthisis the vascularity was 
increased, though anema might have been looked for. 
Therefore it is fair to assume that the vascular congestion 
in the above-mentioned four cases was connected with 
cortical disease, as manifested by the fibre-changes. - 

In four cases in which the fibre-degeneration was con- 
siderable-or extreme, the mental disorder having lasted in 
some a few weeks, in others several years, vascularity is only 
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slight, "not. commensurate with nerve-fibre changes. Iù 
seven others, under similar conditions, it is even entirely . 
absent. These eleven cases embrace instances of acute and 
chronic insanity. In one case of subacute mania (two . 


moths’ duration, death. from chronic renal changes), with- 
‘out marked fibre-degeneration, the vascularity and chrome- ` 


deposit are increased out of proportion to latter. 
Chrome-deposit (often exceedingly deep) is genarally 
associated with increased vascularity, but does not follow - 
fibre-degeneration quite so closely. [This deposit in the 
specimens must be associated with a morbid change in the 


. tissue. The most diseased gyri show it moste Its presence 


a 


.; cannot be explained by faulty technique.] 


GENERAL CONCLUSIONS. 


. (1) Int seventeen out of twenty-five cases marked and 


. widespread degeneration of the medullated fibres of the 


cortex was observed. In six of these this was extreme, as 
follows :—One case of delusional insanity (6 years’ duration) ; 
one dementia paralytica, maniacal type (2 years); one ditto 
(53 months); one puerperal insanity, with variations in 
emotional state (54 years); one acute mania, passing into 


“ acute delirium (4 months); one acute mania (13 years). 


In three others of the twenty-five cases there was con- 
siderable degeneration, but more locally; slighter degenera- 
tion in’general. ‘The remaining five cases showed moderate 
degeneration. 

In some cases of paralytic dementia there was great - 
variation in degree of degeneration between sections cut 
very near each other in the same »iece (whole piece not 
above 8-9 mm. in depth). 

(2) Atrophy of fibres can be ‘more extensive and intense 
in cases of a few months ee in those of many years a 
duration.. , 

(3) The pre-central ı region rontal lobe) showed the 

most degeneration i iù nine out of twenty-three cases (in two 
remaining it was not examinėd),' ‘and was equal to the worst 
region in four others. In only one zase was this the least 


' 
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affected area. Next followsd the iaoei region ; worst in 
four, equal to worst in two. The centro-parietal ‘region is 
least affected in eight, the majority of instances, and is ‘ 
worst only in one case. 
The fibre- -degeneration i is often quite? as aked in ötlier 
parts as in the frontal regicn, and sometimes more so. 
:. The occipital lobe is net spared in general paralysis of 
the ‘insane as Tuczek stased; this statement Zacher has 
already denied, ` 

(4) As vegards the eross-layers: the tangential and super- 
radiary are the worst and earliest involved, and are equally 
affected in the majority of cases. The superradiary rather 
than tangential is oftener tae worst. As the latest develop- 
ment of the “ primary” fibre-deposit, the superradiary might 
be expected to be earliest involved. In three cases only 
are the three layers equaly affected. The interradiary is. 
commonly less involved, seldom as much, very rarely is 
worse. These conclusione are at variance with Tuczek’s 
_ findings for general paralysis of the insane. : 

(5), The radiations are lass affected than the tious Bras 
in eleven cases, equally, or nearly so, in eleven, and equally 
locally (in certain parts) in three. They are never worse, 
than the cross-fibres. The terminals of the radii are always 
worse than the trunks, where the radii are.involved, and are 


`- often involved where the trunks are normal. They share 


equally in the degeneration of the superradiary fibres.’ 
« (6) Variations in degre- of degeneration between neigh- 


‘. bouring gyi, and also between parts of individual gyri, are 


frequent in the less diseased parts: 
(7) The “strong” fibres and the “ perpendicular ” ones 


`. are very generally very dezenerate or absent in specimens 


| showing disease, whilst stil degeneration is only moderate 
: in the bulk of the cross-fibres. It is interesting to recall in 
this connection that the former are regarded as a later 
development than the latter; - 

(8) There is considerable‘ ingrease in vascularity (conges- 
tion: sometimes more’ than: this) in thirteen cases, com- 
mensurately. with fibre- degeneration, and slight increase 
(non- -commensurate) in fovr others. The increase is most 


+ 


yi 
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‘marked in the cases of paralytic derhentia. Absence of 
„vascularity in a few acute cases with ‚great degeneration of 


fibres is notable. 
(9) Chrome-deposit is‘ often extreme, especially in the 


“most diseased gyri, and generally in association with 


increased vascularity (about the vessels); but does not 

follow fibre-degeneration quite so closely as does vascularity. 
(10) The fibre-degeneration in the sulci is, on the whole, - 

equivalent to that in the adjoining gyri, as far as the outer- 


‚ most two layers are concerned. The interradiary fibres but - 


seldom show disease. Vascularity and throme are com- 
monly similar to the conditions obtaining ip the adjoining 
gyri. 


DESCRIPTION OF FIGURES. 


Fig. 1.—Normal medullated fibres. x 25. 


Fic. 2,—Parietal cortex from a case of acute puerperal mania, Normal, 
except for slight degeneration of superradiary layer (not seen under this 
magnification), x 85, 


Fie. 3.—To show general paucity of the cross-fibres. From a case of 
paranoia. x 35, 


Fie, 4.—Sclerosis of outermost cortical layers (aniline blue-black, fresh 
section). For comparison with fig. 5. x 65. 


Fic. 5.—A section from same part as fig. 4 (corresponding). Showing 
persistence of tangential fibres in fair number notwithstanding the sclerosis 


` of outermost zone shown by the fresh method in fig. 4. Chronic mania, 


x 65. 


; ` 

Fie. 6.—Showing scantiness and degeneration of the radii and inter- 
radiary fibres, especially varicosities. Chronic melancholia; dementia, 
x 300, 


Fie. 7. Showing great paucity of all fibres, vascularity and chrome- 
infiltration, and patches of sclerosis in outermost zone. Acute melancholia, 
x 65. 


Fic. 8.—Destruction of medullated fibres, vascularity, chrome-infiltration, 
Paralytic dementia. x 25. 


Fig. 9.—Same conditions as last. Same case. x 25, 
Fig. 10.—Tortuosity of the radiations, Paralytic dementia. x 300. 


Fic. 11. -Foci of vascularity and chrome, The fibres only moderately 
diseased. x 35 (but somewhat higher mag-ification required to show the 
superradiary). Subacute mania. . P 


Fra. 12.—Extreme destruction of fibres, including radiations; fibres 
almost entirely absent. Greatly increased vascularity and chrome-infiltra- 
tion. Paralytic dementia. x 85. 
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(From the Thompson-Yates Laboratory.) 


THAT in man a semi-decussation of the optic nerves 
occurs at the chiasma is. almost aniversally believed; the 
. fact, however, that the veteran histologist Kölliker disputes 
this position has given a fresh impetus to observations on. 
the question, 

Kélliker’s position, as described in the last edition of the’ 
Handbuch der Gewebelehre, is that pure anatomy yields 
evidence of a complete crossing in man, in the dog and the 
cat, 

His observations were made by serial horizontal sections 
through the chiasma stained by the Weigert method. 

` In order to study the course of the fibres a complete 
series must be made; this is not easy and Kölliker criticises 
“ Gudden’s original pictures on the ground that they are 
merely schematic, and that the distinct uncrossed bundle 
` there figured can never be found in nature. 

Kölliker (1) has again only last year returned to the 
subject, and has studied, by means of the Golgi method, the 
course of fibres in the chiasma of sheep, cats and man. The 
~ results he has obtained are that in man it is impossible that 
any considerable number of fibres pass to the tract of the 
same side as the optic nerve from which they are derived, 
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though he adınits the existence of a wg small number of 
direct fibres. 

In addition to this seclusion Kölliker has noticed 
the important fact that in the cow, cat, rabbit and dog, 
a division of individual fibres takes place in such a manner 
that a fibre from one optic nerve passes to the two tracts. 

In man Kölliker was only able to find in his specimens 
one such fibre. 

Should fufther observations demonstrate that division 
of fibres is a constant occurrence in the chiasma, Kölliker 
considers this fact would remove-in considerable part the 
physiological oßjections to his view. 

Finally Kölliker urges that the minute anatomy of the 
chiasma ;must be more thoroughly observed before the 
question is settled. 

Other authors also favour the view that the decussation 
is complete, viz., Biesiadecki (2) in 1861, Mandelstamm (8) 
1873, Scheel, W. Krause, 1897, and especially MAGRE (4) 
1873-1890. ' 

Mickel maintains :— 

(1) That serial sections of the chiasma give no support 
to the view of semi-decussaiion. 

(2) That investigations of degenerations in man and 
animals give no evidence of a non-crossed bundle of fibres. 

(8) “ He argues,that if homonymous bilateral hemianopsia 
is to be explained by the decussation in the chiasma, the 
proportion of crossed to uncrossed fibres should be as 1:1, 
and contrasts with this the admission of even those who 
adhere to the doctrine of Pei decussation, that the relation 
is 3:1, or 4'1, at most as 5'38.” (Quoted from Barker, “ The 
Nervous System.”’) 

Our case does not, konare show any marked difference 
between the amount of degeneration in the two tracts. 
Further, owing to the limitation of the field of vision, the 
outer and lower parts of the retina are probably ‘less 
developed than the inner and lower, and, as Michel himself 
has found, the number of fibres passing to different sections 
of the retina is very varıable, being least.in the outer 
segment. 
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Michel also cites the fact that no anatomical evidence 
has yet been produced demonstrating the double represen- 
tation of the macula, which is required by the theory of 
semi-decussation in order to explain the freedom of the 
fixation. point in cases of hemiopia. Michel’s hypothesis- 
cannot, however, be regarded as giving a more satisfactory 
explanation. ` 

, Finally Kölliker has been attacked on his own ground 
by Grützner (5) who, in an admirable critica® article, con- 
cludes that anatomy can give no definite reply to the ques- 
tion of the complete or partial decussation of the optic 
fibres. This author made models of the chiasma, in which 
one half of the fibres were made to cross, the other_half to 
remain on the same side. The models were then embedded 
in paraffin and cut into a series of horizontal sections. 
From a study of these sections he states that if he had not 
been in possession of the actual facts, he would have judged 
that all the fibres were crossed. 

In view of the renewed interest which the subject has 
thus recently attracted we thought it permissible to bring 
forward the following case of unilateral atrophy of an optic 
nerve, which shows clearly the existence and arrangement 
of a semi-decussation in the chiasma, and furnishes also 
some other points of interest. 


Résumé of Case. N rue ’ 


Sarah B., aged 63, admitted to the Liverpool Royal Infirmary 
on January 14, 1898, under the care of Dr. Caton, to whom we 
_ are indebted for permission to record the case. Three years 
previously the patient had received an injury to the right eye, 
~ and six months before admission enucleation became necessary 
and was performed at the Stanley Hospital. On admission to 
the Royal Infirmary the patient was found to have a greatly — 
enlarged liver. Death occurred in about three weeks after ` 
admission, and the autopsy revealed the presence of a large ' 
melanotic growth in the liver. 


We record here :— 


(1) The resulting degenerations in the nerve, chiasma 
and optic tracts. 


s 
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(2) The existence of undegenerated fibres in the atrophied 
nerve. f l 
(8) The condition of the oculomotorius nucleus. 


METHOD CF EXAMINATION. 


The whole brain was hardened in Müllers fluid, the 
optic system, with the neighbouring parts of the brain un- 
disturbed, was then removed. By this means it was easy 
to localise the position of uny degenerations that might be 
found. 

The optic*chiasma wita pieces of each tract and both 

nerves was removed and placed in Marchi’s fluid. The 
remaining extent of the tracts, with the adjoining brain 
tissue, including the genictlate bodies and pulvinar, was cut 
into small sections, 3 mm. in thickness, transverse to the 
long axis of the tract fibres. These, together with separate 
pieces of both optic nerves. were also placed in Marchi fluid. 
The tissues were afterwards embedded in paraffin, cut in 
serial sections of 10 p each and then fixed on slides. The 
chiasma was cut into a complete series of horizontal sec- 
‘tions, the remaining parts were cut transversely. As no 
fibres showed the characteristic Marchi globules they were 
stained with the acid hematoxylin of Schäfer and then 
treated with Pal’s fluids. 

This method of paraffm embedding has the advantages 
that a complete series may be cut, and that the sections are 
much thinner than can be obtained by the celloidin method. 
The previous treatment of the tissues by the Marchi fluid 
enables the hemotoxylin to stain perfectly well. 


I.—The Resulting Degenerations of the Nerve, 
l Chiasme, and Tracts. $ 

The naked eye examination of the sections showed that 
the right optic nerve was completely degenerated, being ` 
white and shrunken. 

The optic tracts were plainly seen to contain sclerosed 
tissue, which stood out markedly in contrast to the black- 
stained nerve-fibres. 
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~ Optic nerves.—The left nerve showed the normal struc- 
‘;ture. The right practically cons'sted of fibrous tissue; it 
was very much shrunken and complete atrophy appeared 
to have taken place. 

Careful examination, however, with a „4 in. immersion 
lens, discovered a few normal nerve-fibres, scattered irregu- 
larly over the area of the section. In diameter they never 
measured more than 1'5 pw, and hence belonged to the 
smallest of the optic nerve-fibres (see plate, fig 1). 

Chiasma.—The chiasma, with the optic nerves attached 
as described, was cut in a complete series of about 500 
horizontal sections, and every D>urth one stained. By 
means of this large number of fairly thin sections, the 
course of the degenerated tracts coald be fairly well traced, 
and is shown in the accompanying diagrams (figs. 1—5). 
In the sections about the median plane (figs. 8 and 4 and 
plate, fig..4) the atrophy from the right nerve is seen 
spreading in the central portion >f the same-sided tract, 
and occupying the front and back of the chiasma—its 
extent being larger in the latter sitration. 

As the sections approached the upper and lower surfaces 
the distribution of atrophied tissce was less defined, and 
the intermingling of normal fibres was greater. The ` 
general relations were, however, tae same. In looking at 
figs. 3 and 4 it seems difficult to resist the conclusion that 
the atrophied tract at B corresponds with the normal 
. fibres at A. The general “grair ” of the fibres of the 
left nerve appear to be sweeping mto the left tract, much 
as the atrophic tissue of the right nerve passes: out of the 
right tract. : 

Is it possible, despite the obsecvations of Grützner, to 
rely upon the anatomical evidence ? 

When we examined this region (A) in very thin sections 
(6 ») with ocular 4 Zeiss, and yth inch objective, large 
strands of fibres cut in longitudinal direction were certainly 
seen passing in two directions, viz.: (1) streaming. through 
the chiasma ; (2) curling round to enter the .tract of the 
same side. 


The sections were so thin that the curve on groups of 





Fe. 5. 


Fıss 1 To 5, 


Series of drawings of horizontal sections œŒ chiasma, made by Edinger’s apparatus. Fig. 1 
is the most dorsal, fig. 5 the most ventral sec ion. 
N = Atrophied right optic nerve. G = Gudden’s commissure. 
A =-Junction of left nerve with left tract. B = Junction of right nerve with right tract. 


648 ORIGINAL ARTICLES ANE CLINICAL CASES 


individual -fibres could be dist:nctly seen, and we are `’ 

‘inclined to think that the appearance represented an 
anatomical fact. As pointed out by Michel, the fibres of 
the’ optic nerve, as they enter tae chiasma, turn sharply 
at right angles, and again at another right angle when 
enteting the tract of the opposite side. It is this fact 
which is the cause of the deceptive appearance in ana- 
` tomical preparation, inclining the observer to believe the 
fibres enter the tract from the nerve of the same side. 


ee 7 


=< 





Fie. 6. 


Bearing in mind this ‘warning, we are yet of opinion 
that is not sufficient to explain ths appearances alluded to. 
In these very thin sections groups of fibres having the 
same direction can be traced along the outer border of the 
nerve and into the tract of the same side. 

Right optic tract.—Sections taken: near the chiasma 
showed that the atrophy occupied a central position ex- 
tending further outwards than inwards (figs. 6, 7, 8). 
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Microscopical examination revealed that in no part: was 
there complete atrophy, normal nerve fibres being found 
in the most affected part of the tract. ‘Many of the 
normal fibres found in the atrophic tissue were of small 
diameter (1°5—2 u), only the minority being ‚as large in 
diameter as 5—7'5 u; whereas at the periphery of the 
section these large fibres greatly preponderated’ (plate, 
figs. 2 and 3). i 





Fig. 7. 


The same general distribution was noted in the sections 
taken from the more centrally situated part of the tract, 
but the extent of the atrophy gradually diminished. 

At the commencement of the level of the external 
geniculate body no obvious degeneration was seen, but 
microscopically the fibres on the outer part. of the tract 





mm Ten 
Fic. 8. 


Fras. 6 ro 8. 


Series of drawings of transverse sections through the right optic tract. 
Fig. 6 is nearest the chiasma, fig. S near the geniculate body. 


i 





Fie. 9. 





Fre. 10. 





' Fre. 11. 


Fies. 9 ro 11. 


Series of drawings of transverse sections through the left optie tract. 
Fig. 9 is nearest the chiasma, fig. 11 near the geniculate body. 


„652 ORIGINAL ARTICLES AND CLINICAL CASES 


were considerably larger and more numerous than those 
on its inner aspect. Sections through the geniculate body 
showed that its cellular mass was richly covered by fibres 
of a large diameter; those deeper in its substance were 


much smaller. 
Left optic tract—In sections near the chiasma the 


degeneration is well seen, situated peripherally and chiefly 
on the inner and inferior aspect of the tract. It is never 
complete, normal nerve-fibres being present in the con- 
nective tissue. Its extent gradually diminishes, as it is 
traced centrally (figs. 9, 10, 11). 

Near the geniculate body the area of degeneration could 
no longer be leer ed with the naked eye, but on micros- 
copic examination, the inferior region was found ‘scantily 
supplied with nerve-fibres. 

No obvious difference in size was found between those 
normal fibres situated in the atrophied region and those 
composing the undegenerated portion of the optic tract. 


\ 


REMARSS. 


Those who, on anatomical grounds, oppose the prevalent 
view of a semi-decussation of tae optic nerve-fibres, must 
explain: the degeneration appearances in cases similar to 
ours. 

Michel (6) appears to be the only observer who, using 
the modern methods, has given cases of degeneration and 
maintained that these support the view of a complete . 
decussation. He mentions and illustrates four such cases 
which, however, do not appear to us to justify his position ; 
for if, as his figures show, there is no degeneration visible 
in the tract on the same side’ as she atrophy—there is only 
partial atrophy in the opposite tract—indeed, as Wieting 
has remarked, the unprejudiced observer would draw the 
opposite conclusion to that which Michel does from a 
study ‘of his figures. The very old observations of 
Biesiadecki, the more recent ones of Mandelstamm, were 
made on unstained preparations, and cannot well be com- 
pared with Weigert-Pal specimens. 
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On the other hand, Purtscher (7) records six cases; 
Wieting (8) three, Siemerling (9) and Williamson (10) one ` 
case, stained by the Weigert method, which clearly show 
the atrophy in both tracts, and in a similar position to 
that described by us, viz., the crossed fibres occupy the 
centre of the tract, the uncrossed the periphery. Marchand 
` (11) and Burdach (12) give figures showing clearly atrophy 
in both tracts, but having a different position. 

Hellendall 13) quotes three well illustrated cases: show- 
ing that the crossed bundle occupied an inner and ventral 
position in the tract, whilst a triangular field of atrophied 
tissue was situated just at the commencement of the same- 
sided tract, which could not, however, be traced any further, 

Hellendall and also Hausemann (14), who criticised the 
cases, considered that the preparation showed also ana- 
tomical evidence of the existence of uncrossed fibres in the 
tract on the same side as the normal nerve. 

Thus summarising we may state :— 

(1) That all observers with the modern methods, with 
the single exception of Michel, are of opinion that degenera- 
tions occur in both tracts after destruction of one optic 
nerve. 

(2) That whilst in general pure anatomy cannot demon- 
strate a decussation, certain cases, e.g., Hellendall’s and 
the present writers’, yield some evidence of an uncrossed 
bundle of fibres. 

(3) That the commonest position in which such de- 
generations in the tracts have been found corresponds to 
that described above. 


‘T.—On the Existence of Undegenerated Fibres in the 
Atrophied Nerve. 


‘We alluded to the presence of very fine normally-stained 
fibres in the stump of the atrophied nerve, and to the fact, 
that the fibres remaining in the degenerated portion of the 
tract of the same side also had an extremely small diameter. 

Gudden long ago asserted that the fine fibres of the 
optic nerve were connected with the anterior corpus quad- . 
rigeminum, whilst those of larger diameter could be traced 
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1 


to the geniculate‘ body. Michel very clearly figures similar ` 


fibres, Williamson and Wieting also found them, and the _— 


latter observer suggested they might be centrifugal in their 
course. 

Hitherto the existence of centrifugal fibres in the optic 
nerve has been demonstrated by the Golgi method, and - 
their origin could not be ascertained in this way. Recently, 
however, Wallenberg (15), Boyce and Warrington (16) 
showed that in the bird a lesion of the optic bobes gäve rise 
to a degeneration extending to the opposite retina. These 
various observations certainly suggest that the fine fibres 
may belong to centrifugal neurons, though the evidence 
adduced is not sufficient to show where their cell origin is. ` 

As shown in the photograph (plate, figs. 2 and 3) the 
small size of the fibres in the degenerated centre of the 
tract in comparison with those of the normal periphery is 
very noticeable, and suggests the possibility that they may 
belong to the same system as those found undegenerated in 
‘the atrophied stump, viz., have a centrifugal course. 


IIL—On the Condition of the Oculomotorius Nucleus. 


A series of paraffin sections was made, including the 
whole of this nucleus, and every fifth section stained by.’ 
Held’s modification of the Nissl method. It is now well 
known that section of an axis cylinder is followed in general 
after a short time by the change known as chromatolysis in 
its nerve cell. Further, that after a considerable period the 
cells so affected tend gradually to return to their normal’ 
condition. In our case the cells of the nucleus were through- 
out normal. It is possible that this repair may have taken 
place, as observation by Van Gehuchten, Marinesco, and one 
of us have shown that after a period of 100 days not any. 
very obvious difference is noticeable in any group of cells 
whose axons have been cut. The application of the law of 
Nissl for the limitation of a nucleus of origin is not always 
very satisfactory. Bernheimer (17) and Schwabe (18) have 
made laborious researches on the connections of the various 
parts of the oculomotorius nucleus, but their results are 
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not in close agreement. Thus Bernheimer considers that the 
external muscles of the eye receive in the main a crossed 
innervation from the nucleus, whilst Schwabe regards the 
nerve to the superior rectus as alone derived from the 
opposite side of the nucleus. This author also was unable 
by this method to locate the nucleus of the internal eye 
muscles, whilst Bernheimer refers to the cells situated on 
the lateral part of the nucleus as giving origin to the nerve- 
fibres which supply these muscles. 

In experiments performed by one of us (19), in which 
the third cranial nerve was divided: within the cranium and. 
the oculomotorius nucleus subsequently examined, only 
changes of a slight nature were found, which were useless 
for purposes of careful localisation. It is probable that in 
the case of the eye muscle our efforts should be directed to 
the localised of cell groups representing combinations rather- 
than single movements. 


REFERENCES. 


(1) Kontixur. Festschrift der Phys, Med. Gesellschaft, Würzburg, 1899, 
(2) Brestapecer. Sitzurgsb. d. k. Akad. d. Wissenschaft., Math., naturwiss.,. 
Wiln, Bd. xlii. (1861), S. 86. 
(3) MANDELSTANM. Arch. f. Ophth., Berl, Bd. xix. (1873); 2 Abth., 
5. 89-58. 
(4) Micmer. Festschrift der Med. Fak. d Univ. Würzburg, Wiesbaden, 
1887; Arch. f. Ophth., Bd. xxx., 2 Abth., 1893, 
(5) Grürzwer. Deutsche. Med. Wochen., Bd. xxiii., 1897, S. 2. 
(6) Mıomer. Loe, dit. 
(T) PURTSCHER. Arch. f. Ophth., Bd. xxvi., 1886. 
(8) Wierne. Arch. f. Ophth., Ba. xlv., 1898. 
(9) Sımmercing. Arch. f. Psychiatrie and Nervenk., Bd. xix., 1888. 
(10) Wiınuıamson. BRAIN, 1882. 
(11) MaroHAanD. Arch. f. Opthth., Bd. xxviii., 1882. 
(12) Burpaoa. Arch. f. Ophth., BÈ xxix., 3rd Abth., 1883. 
(13) HELCENDALL. Arch. f. Anat. & Phys., 1897, S. 497. ; 
(14) Hausmann. Ibid. 
(15) WALLENBERG. Neurolog. Centralb., 1898. 
(16) Boyce AND WARRINGTON. Phil. Trans. R. S., B., vol. 191. 
(17) Berwurimer. Wien. Klin. Wochen., 1896. 
(18) Scawase. Neur. Centralb., 1896. 
(19) Waremeron. Journ. of Phys., xxiii., 1898. 

The above references are fairly complete as regards cases which have 
occurred in the human subject. The literature dealing with the general 
subject is extremely large and is to be found in the works of Gudden, Michel 
and v. Monakow. 
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|. 7 DESORIPTION OF PLATES. 


Photographs taken from “sections stained by Schitfer’s acid hematoxylin: 
method. The black masses represent osmic stain which was not removed by 
- washing. Black rings are normal nerve-fibres. 
Fic. 1. 


Right optic nerve showing a few undegencrated nerve-fibres in the sclerosed 
tissue. (Zeiss 3mm. Apochromatic Oc. 3.1 


. Fie. 2. 
Periphery of right optic tract consisting chiefly of la&ish fibres. } in, 
obj., Oc. 8. iy : 
Fic. 8, 
. N e 
Centre of right optic tract consisting siiefly of small fibres. + in. obj., 


* + Oe. 3. 


; : Fig. 4. 
Section through the centre of chiasma (3 a in thickness). 
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CONSIDERATIONS OPPOSED TO THE “NEURON 
THEORY.” 


BY ALEX HILL, M.A., M.D. 
-Master of Downing College, Cambridge. 
s 


THE literature of the neuron has been so frequently 
summed up during the last three years that it would be a 
waste of space for me to repeat here what is familiar to all- 
neurologists. Dr. Barker’s excellent treatise on the nervous 
system published at the beginning of this year, brings the 
history of the neuron controversy up to date. 

It should be remembered, however, that the “Neuron 
Hypothesis,” “Neuron Theory,” or ‘Neuron Concept” is 
not, properly speaking, a theory at all. It explains nothing. 
It is a statement, supposed to be true, that every nerve-cell, 
with all the parts that belong thereto (axon, collaterals, 
terminal arborisations, dendrites) is anatomically distinct 
from every other nerve-cell. The conclusions with regard 
to physiological autonomy and the restriction of pathological 
processes which are often regarded as deductions from the 
“ Neuron Theory,” are really deductions from the Cell Theory ` 
of Schwann, and would equally hold good if all the neurons 
of the body were continuous one with another. When 
Hooke, in 1696, examining a slice of bottle cork, observed ' 
‘that it is divided into chambers like the “ cells” of honey- 
comb, he supposed that the partition walls of these chambers 
were impervious. When, in 1839, Schwann applied the 
“cell theory” to animals, he imagined all plants and 
animals to be colonies of separate and distinct “cells.” 
. The discovery by Sachs, Gardiner and Russow that a 
plant is not, as Schwann supposed it to be, a colony of 
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separate célls,: but a single protoplasmic unit imperfectly 
divided into tells by perforate cel’ulose septa; does not in 
any degree invalidate the cell theory. The discovery that 
the substance of any given cell is united by myriads of proto- 


` plasmic threads with the substance of the cells by which it is 


surrounded does not affect our conviction, based on innumer- 


‘able observations, that every cell grows, lives and dies as an 


individual. ‘The trophic individuality of the nerve-cell or 
“ neuron ” is a matter of. observation.. We have no reason 
to think that if every neuron were continuous with other 
neurons at a multitude of points the trophic control of one 
neuron would extend to any parts of its neighbours. Nerve- 
cells are uninuclear. Each nucleus is therefore the capital 


' Of a cell territory. Whether or not the economic processes 


carried out within the territory sre in any way controlled 
from the capital, it is quite certain that each territory is’ 
self-governing. It may be easier to grasp, in the case of 
discrete cells, the fact that the mstabolism of the territory 
stops at its boundary, than it is to realise that, it stops at 
the histogenetic boundary of corfluent cells; but we are 
acquainted with many tissues in which the cells are in 
various ways and in varying degrees unitéd together, yet 
in none of these is there ‘reason to think that’ confluence 


_ of structure indicates _ co-operation in nutiitive processes. 


Each individual cell grows, carries on the business of its 
life, and dies, as a unit. ' 

The beliéf that’ the neurons ere’. diserate is based upon 
the appearances presented by ‘chrome-silver and methylene- 
blue preparations. As to the distinctness of the coloured 
elements there can, as a rule, be no manner of doubt; but ' 
even here the rule is not absolute. I have found instances 
of the union by coarse bridges of two or even three cells in, 


- all ‘classes of nerve-cells. Dogiel, Masius and others also 


maintain that, in certain cases, the dendrites .anastomose. 
But such a union of homologous elements is of little:. 
interest. It merely: points to their origin by cell-division. 


' . The neuron-statement is based upon the supposition that 


D 


heterologous elements are never directly united together, 
Chrome-silver. and methylene-blae preparations appear to 


at A 
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-demonstrate,the re isolation: of heterologous elements. 


 Histologists have accepted their evidence as conclusive on 


this point. .In a series of papers published since, 1885, and 
especially in my presidential address to the Neurological 
Society of London, in 1896,: I have urged that the credi- 


bility of -these witnesses should, be further tested before _ 
their evidence is accepted as conclusive. At one time 


neurologists held, universally it may be said, a contrary 
opinión. Singe the publicazion of Apäthy’s paper in 1897 
it has been recognised that, for invertebrates at any rate, 
the neuron-statement is untrue. - \ 

The union ‚of homologous elements by means of ities 
dendrites not being to the point, there are only two ways in 
which neurons can.-be mutually connected. (1) The axon 
of a central cell A may divide to pass without arborisation 
into several smaller (distributive). cells B ; or, in other words, 


the apparent axons of several small cells B may be the. 


subdivisions of the axon of a larger cell A; (2) The terminal 
arborisations of the axon of A may be continued into the 


dendrites of B. I shall endeavour to prove. that unions of: 


both kinds occur. ; 

. In recent years histologists have shown an ever. increas- 
ing tendency to lay stress upon the direct connection of 
basket-like arborisations with the bodies, of, nerve-cells. 
Some histologists appear, indeed, to look upon tlie various 

‘forms of “ basket, “ pericellular network,” and, “ peri- 
cellular tangle” as thé? chie? means by ‘which, neurons are 
linked together. The ‘subject is one of the greatest difficulty. 
But.it appears to me’ on general grounds highly improbable 
that the basket is the most iniportant terminal apparatus 


through which one-neuron induences another. Phylogeneti-. 
` cally it cannot be so: for it is through the neuropil that the ` 


branchings of associated neurons are first connected. Again, 
it is not a universal method of association, since no baskets 
„are described as surrounding some of the most important 


cells, those of the spinal card, for example. Looking at... 


the matter from .the opposite point of view the. widely 
x - 1E. “The Chrome-silver Method, ” BRAIN, 1896, p. 1. 


f 
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branching dendrites of such cells as the pyramids of the 
cortex or cells of Purkinje must have a significance, as col- 
lecting apparatus, which far surpasses that of any system of 
direct cell-body endings. The growth of a Purkinje cell is 
most instructive in this respect. When it is first recognis- 
able as a distinct element -(fig. 27) it is an oval cell from 
which an axon is already beginning to grow out. Soon its 
cell-body seems, if the chrome-silver method is bo be trusted, 
to receive afferent filaments (fig. 28); at any rate it is always 
shaggy at this stage. Then with great rapidity its copious 
branching system of dendrites extends towards the surface 
—coarse and woolly as if connected with, multitudes of 
fibrils—while the cell-body becomes clean and free from 
filaments (fig. 29). It seems tc me incredible that any 
direct ending of nerve-branches in or around the body of 
- a Purkinje cell, if there be such endings, c&n compare in im- 
' portance, as a mechanism of association, with the elaborate 
dendrites of the cell. 

Amongst descriptions of arborisation-endings within cells 
those of Held! are the most precise. „Using iron hematoxylin 
. staining Held exhibits certain minute rod-like particles or 
“ neurosomes,” which are closely aggregated in the axon and 
its terminal ramifications, and more widely scattered in the 
neuroplasm of the cell-bodies. By their aid he is able, as he 
believes, to follow the nerve-terminals given off by the fibre- 
baskets, which surround the cells of the nucleus trapezoides 
and other nuclei, into the substance of the cells and their 
dendrites. He shows these filaments entering the cell-bodies 
and penetrating even as far as thsir nuclei. But he believes 
that, having entered the cell-body, these filaments end 
abruptly, arid do not pass out of it through its axis-cylinder. 
Held is therefore an upholder of the neuron theory, i.e., of 
the theory of the discontinuity of the neurons, with this 
modification: that the end-branches of one neuron may 
actually penetrate into the body substance of others. 

Had Held used a precipitable stain only, we should have ° 
discounted his results by the considerations—(1) that his 


é 


! Held. “Beiträge zur Structur der Nervenzellen und ihrer Fortsiitze,” 
Arch. f. Anat. u. Physiol., Anat. Abth., 1897, p. 204. 
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fixing agents—alcohol, chloroform, acetic acid, and picro- 
` sulphuric acid—cause the formation of coagulation products, 
which may have no existence in life, and yet be coloured 
after death—this is an objection to which Held himself calls 
attention; and (2) that iron hematoxylin gives a solid 
deposit in the cell substance. There is no problem in 
minute anatomy more puzzling.than that of the weight to 
be assigned to precipitates within tissue elements as indica- 
tive of structural differentiation. For example: I have 
endeavoured to check Held’s results by using Weigert’s 
hematoxylin method after carmine-alum, and then over- 
bleaching the sections in ferrid-cyanide of potassium. Cells 
so treated are seen to be full of black granules; .but the 
granules are not rod-shaped like the ‘‘ neurosomes,” nor can 
I detect any indications of a differential arrangement. In- 
deed, the size of the granules, which are always-round or 
oval, and their condition of aggregation appear to depend . 
upon the exact treatment to which they have been exposed. 
: Held’s results have not been left unchallenged, as may 
' be seen in a paper by Veratti,? which is illustrated with very 
striking figures of the author’s own results. . Turner and 
Hunter? also, using methyiene blue, intra. vitam, conclude 
that the filaments of the pericellular network do not enter 
the cell-bodies but lie upon them, and are continued on to 
their’ protoplasmic processes. The whole subject is one 
upon which it is permissible at present to retain an open 
mind. Especially is it legitimate to consider that the nature 
of these pericellular baskets is not yet definitely settled, 
when one reflects that neither Held’s method nor the methy- 
lene blue exhibit the conducting fibrils of the nerves, but 
only the neuroplasm in which they he. For my own part, 
I am inclined to believe that Turner and Hunter are right 
in supposing the fine nerve-filaments to lie upon the body 
substance of the cells which they invest. It appears to 
me that when nerve-fibres are split into their constituent 


| Veratti. Sul alcuni particolaritéd di struttura dei centri acustici nei 
mammiferi, Pavia, 1900, pp. 81, 7 plates. 

2 Turner and Hunter. “Ona Form of Nerve Termination in the Central 
Nervous System demonstrated by Methylene Blue,” Brain, 1899, p. 123. 
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` fibrils, or fine bunches of fibrils, the nutrition and insulation 
of these fine fibrils, which doubtless consist of conducting 
elements invested in neuroplasm. is in some way provided 
for by bringing them into juxtaposition with the cells near 
which they are passing, and the large dendrites of these cells. 
The neuroplasm of these cells is in some way favourable to 
the vitality of the fine fibres. It provides for the insulation 
and nutrition of the fibrils throughout the distance through 
which they lie upon it. To this subject I shall recur when 
speaking of granules. 
With these preliminary observations I pass to the con- 
sideration of the question which I propose td discuss in this 
` paper, namely: Are the neurons genetically and structurally 
discrete; or do the distributing processes of one neuron form 
true anastomoses with the collecting processes of other 
neurons ? 
As evidence of union of neurons I propose to consider :, 
(1) The relation of the terminal arborisation of axons to 
so-called “granulés.” 
(2) The neurons of the sympathetic system. 
(3) The evidence that “thorns ” are portions of conduct- 
ing fibrils surrounded by the neuroplasm of the collecting 
processes of nerve-cells. 


(1) GRANTLES. | 


When the chrome-silver method first came into use the 
extraordinarily distinct pictures of large nerve-cells which it 
presented in the cortex cerebri et cerebelli, the spinal cord, 
the olfactory bulb and elsewhere, attracted universal atten- 
tion. They were so sharply defined and apparently so 
complete that they distracted attention from the other 
elements of which nerve-tissue is composed. Even now we 
frequently meet with an attempted counting of the “ nerve- 
cells ” in the cortex or in the central nervous system as a 
whole, in which no account is taken of the granules and 
other small cells! Yet the granules are far more numerous — 
than the pyramids or cells of Purkinje, and each granule is 
equally complete, and equally entitled to the designation. of 


CONSIDERATIONS OPPOSED TO THE “NEURON THEORY” 663 


“nerve-cell”” or “neuron” When Pedro Ramón showed 
the axons of the granules cf the cerebellum, and his brother, 
S. Ramón y Cajal, the axons of the granulės of the retina, 
they demonstrated that each of these granules is a perfect 
nerve-cell, with dendrites end axon and all other features of 
a neuron. They differ from the great cells which give off 
efferent fibres in no respects other than size. I have 
shown that the granules ot the olfactory bulb (which other 
histologists sgt aside as ““ ımacrine” cells or even as gleial 
cells), have “axis-cylinder processes and thorny proto- 
plasmic processes, and are therefore also complete nerve- 
cells ;1 a fact of some importance, apart from its particular 
application, because it leaves it open to us to conclude that 
when, in the future, we see a cell which has all the ordinary 
characters of a nerve-cell, and especially ‘when it bears 
branching thorny dendrites it cannot be ‘a gleial cell, how- 
ever difficult we may find it to demonstrate the axis-cylinder. 
As further evidence of the nervous nature of the granules of 
the olfactory bulb Blanes? aas pointed out that they readily 
take the vital methylene-blue stain, whereas the gleial 
elements remain uncolourec.; and further that they are to 
‘be found with their characteristic form in vertebrates which 
do not possess in this situat on any typical gleial cells. It is 
clear that no plan of the ssructure of nerve-tissue is com- 
plete which does not incluce the granules, or which, in any 
situation in which they occur, sets them aside as non-nervous 
elements. Indeed they are just as important elements or 
units as the largest nerve-ce.ls. 

When a nerve-fibre reacaes a muscle-fibre, or the modi-. 
fied musele-fibre of an electric organ, its terminal arborisa-. 
tion, or the sarcogleia in -vhich it is embedded, contains. 
nuclei. In the end-plates of the frog these nuclei, which 
rest immediately upon the nerve-twigs, were termed by 
Henle the “nuclei of the branches of the axis-cylinder,’” 

1 Hill, ‘*Notes on Granules,” 3RAım, 1897, p. 125. It was only after 
making thousands of preparations that I was able to demonstrate the axis- 
cylinders ; and so curiously capricious is the chrome-silver colouration in 
this matter that, although Iam always glad to show the sections in which 
axons are visible, lam afraid to part vith them, since I have but two or three ! 


2Blanes. “Sobre Algunos puntos dudosos de la estructura del bulbo 
olfatorio,” Riv. trimesir. nvicrogr. 8, 2898. 
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and distinguished by him from the nuclei of the sheath of 
epilemma. No one, I think, will deny that there are, in the 
end-plate, nucléi which are different in appearance to those 
of the muscle substance. There are two, if not three, forms 
of nucleus on the fine nerve-twigs, which are distributed to 
the electric organ of the skate; but I do not find it possible, 
after allowing for the nuclei of the sheaths of the nerves 
{after they have lost their myelin), to distinguish with 
certainty any nuclei which clearly belong to the nerve-twigs. 
_ It seems to.me quite possible, however, that Henle’s nuclei 
of the branches of the axis-cylinder are nuclei of nervous 
elements through which the conducting fibrils of motor 
nerves are distributed to muscle-substance. If this conjec- 
ture be justifiable the conception of a motor neuron is 
incomplete unless the minute cells (daughter cells of the 
large cell in the anterior horn of the spinal cord?) are 
included in the neuron. This is equivalent to saying that 
' the theory of the individuality of the neuron breaks down. 
I lay no stress upon this hypothesis of the mode of ending 
of motor nerves, however, but use it merely as an .illustra- 
tion of the mode of ending of ascending (sensory) fibres 
which I am about to describe. 

The crucial test of the neuron theory lies, as it seems to. 
me, in the proof that fibres which ascend from cells in the 
cerebro-spinal axis end freely in the cortical fields. If the 
ascending fibres pass without breach of continuity from cells 
in the spinal ganglia or in the nuclei of Goll and Burdach 
into cells in the cortical field—if, that is to say, they start 
in one large cell (or, accepting Apéthy’s findings, if they 
originate with a “fibre-cell,” pass through a “ganglion-cell’’) 
and join several small cells—the neuron theory falls to the 
ground. It is true that various qualifications are introduced 
by recent writers into the expression of the theory; “ rela- 
tive individuality of the neurons” is often substituted for 
the definite expression of absolute independence; but if 
as a mechanism each nerve-cell with its collecting and dis- 
tributing processes is not an anatomical integer but a 
part of a chain of cells, the theory loses all significance. 

It is generally assumed, in the case of the cortex cere- 
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* belli at any rate, that afferent fibres come into relation with 
“ granules ” and that the axons of the granules transmit the 
impulses, which the afferent fibres bring, to the more super- 
ficial elements of the cortex. Ramön y Cajal represents the 
branching afferent fibres (mossy fibres) as being in relation 
with the clawed dendrites of the granules, and the bifur- 
cating axons of the granules as in relation with the dendrites 
of the Purkinje cells. Neglecting all other elements and 
reducing the scheme of connections to a diagram, the con- 
ducting arc of the cortex cerebelli consists of a mossy fibre— 
its end-branches, granules; their axons, dendrites of a Pur- 
kinje cell—its axon. The granules are, according to this 
scheme, secondary or tertiary neurons of the chain leading 
from sensory cells to the cortex cerebelli, and each granule, 
is supposed to be as independent, as self-contained, as the 
larger neurons between which they are intermediaries. 

In my preparations I ind a few instances of granules 
which (figs. 1, 2 and 8) are distinctly connected with, fibres 
of the arbor vitæ on the one side and with divaricating 
axons, passing between the cells of Purkinje to the mole- 
cular layer, on the other side. I find a very large number of 
granules which are connected with fibres from the arbor 
vite. In some cases the axon of the granule passes with a 
much twisted course towards the arbor vitæ (figs. 4, 5). In 
the two specimens figured «(4, 5) the connection of the 
granule and the nerve-fibre occurs at a point which will 
afterwards become the clawed end of one of the arms of the 
granule... Fig. 6 shows a granule the axon of which joins, 
apparently, a branch of a fibre from the arbor vite which 
ends by ramifying in the molecular layer. Figs. 7 and 8 
illustrate a not uncommon disposition of the axon of a 
granule in which, before it reaches the sheet of Purkinje 
cells it bifurcates, giving one branch to the molecular layer 
and another which runs inwards towards the arbor vite. 
` In fig. 9 is seen a granule the axon of which has an extra- 

1 Ti will be understood by everyone who has worked with the chrome-silver 
method that when I assert that a fibre is continuous, or that two fibres are 
in connection; I wish to imply that all attempts to prove discontinuity by 
eareful focussing, by oblique illumination, &c., have failed. When two 


opaque black objects are superposed or in close juxtaposition, they appear to 
be in continuity. It is never possible to make sure that this is the case. 
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ordinarily tortuous course and gives off several branches in ` 
the granular layer as well as one >r more branches to the 
molecular layer. 

It will be noticed that none of the granules figured ‘vs 
‘the ordinary- form of the cerebellar granule. This, as is 
well known, is a round cell with four or five dendrites 
ending in clawed hands and a single axon which divaricates 
into two long fibres in the molectlar layer. But granules . 
of this form do not make their appearance until compara-. 
tively late in development; in puppies at about 18 days, 
kittens at about 14 days, hedgehogs at about 18 days. It is, 
I fear, impossible to give exact detes owing «(l) to the un- 
reliability of the chrome-silver method, and (2) to the fact 
that the histogenetic development of the cortex cerebelli 
takes place gradually. Granules having the immature, 
carrot-like form represented in fies. 1 to 8 are to be found 
long after the first mature granules have made their appear- 
ance. To make this part of the subject clear it will be 
necessary to give some account of — 


The Development of Orainary Granules. ` 


In a paper published in 1889 Bellonci and Stefani’ gave 
an accurate account of the chang2s in the external nuclear 
layer, which might have suggested the migration of the 
granules subsequently discovered by Ramon y Cajal. They 
described the formation of a molecular layer containing 
some scattered cells before the overgrowth oceurs, from 
behind forwards, of the nuclei of she ependymal stria of the 
velum medullare posterius. As the nuclei spread forwards 
from this stria (the Rautenlipp2 of His?) their mitotic 
figures indicate active division. For some time before the 
appearance of the cells of Purkinje, and still more after 
these are differentiated, the nuclei are distinguishable into 
two zones—an external, in which the nuclei are round and ° 
rich in caryokinetic figures ; and an internal, in which the 
nuclei are elongated transverseiy and rarely show caryo- 


1! Bellonei et Stefani. “ Contribution à Vhistogénése de l'écorce cérébel- 
laire,” Arch. ital. de Biologie, xi., 21. 
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kinetic figures. ` The molecular substance is chiefly made up 
of transverse fibrils which Bellonci and Stefani presume to 
be derived from the elongated cells. “The deepest nuclei 
of this layer appear uncoloured and are consequently seen 
with difficulty. As the molecular layer grows in thickness 
they are destroyed in great numbers.” Löwe! had pre- 
viously described the molecular substance as formed by the 


. fusion into a mass of the cell bodies of these nuclei, the 


2 


nuclei becoming vesicular and gradually disappearing. 

In the light of Ramon y Cajal’s observations, to which 
reference will be made immediately, it is clear that the dis- 
appearance of the nuclei is due, not to their degeneration, 
but to their migration past the cells of Purkinje ‘into the 
granular layer. 

Simultaneously with Bellonci and Stefani, Lahousse ? 
described in very similar terms the appearance and over- 
growth of the external nuclei. He named this layer “the 
layer of Obersteiner,” since the Viennese professor was the 
first to describe it ;* but he prefers to call the cells of which 
it is composed “cellules conquerantes” or “cellules de 
renfort.” “The reinforcing cells multiply abundantly and 
invade, from behind forwerds and from within outwards, 
almost the totality of the external surface of the cerebellum, 
with the exception of the median line and the posterior part 
of the inferior vermis, in the neighbourhood of the median 
line.” 

` It is evident from the cescriptions just quoted that the 
cells of the external granular layer have a secondary origin. 
They are not formed from the general mantle-layer of the 
cerebellum. It is curious and probably significant that their 
site of origin should correspond nearly with that of the 
spinal ganglia, and that each little cell should be in the 
mode of its growth—a fusiform cell converted into a round 
cell with an axis-cylinder in she form of a T—a root-ganglion 

ı Löwe. Anal. u. "Entwicklungsgeschichte d. Nervensystems, vol. ii, 
Leipsic, 1883. : 


? Lahousse. ‘ Recherches sur l’ontogénése du Cervelet,” Arch. de Biologie, 
viii, (1888), p- 48. h 

3 Obersteiner. ‘‘ Beiträge z. K. von feineren Bau der Kleinhirnrinde,” 
Sitz. d. K. Akad. d. Wissensch, Vienna, 1860, and again in Biologisches 
Centralblatt, iii. (1983). 
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cell in miniature, plus five or six clawed arms. We owe to 
a very remarkable piece of histological work carried out by 
Ramon y Cajal the proof that the granules undergo the 
transformation just described. 

According to Ramén y Cajal, the precursors of the 
granules are fusiform cells, tapering into a fibre at each 
end (figs. 18 and 19). 

That Ramön y Cajal’s description of the transformation 
of fusiform cells into granules is right is borne out by 
appearances such as are shown in figs. 18, 20, and 22, as 
well as by the fact that the fusiform cells are not to be found 
in adult cerebella. There are, however, some difficulties in 
explaining how the one kind of cel! is transformed into the 
other. Ps, ` 
_ Tt is, for example, to be noticed that in the embryonic 
state of these granules—when they are fusiform or “ fibre- 
cells ”—there is an obvious distinction between the thread- 
like axon on the one side and the thicker process on the 
other side, which has the appearance of a dendrite (fig. 18), 
and yet both alike, according to Ramön y Cajal, -beconie 
horizontal limbs of the T-shaped axon of the granule. 
Further, certain noteworthy physiological difficulties result 
from this. In the first place, since the granules cannot be 
supposed to have any function until they have, by sinking 
beneath the layer of Purkinje cells, established connections 
with afferent (mossy) fibres, it is remarkable that their pro- 
cesses should be solong. The length of the tangential fibres, 
to which the fusiform cells which Ramön y Cajal regards 
as embryo granules give rise, is very remarkable. I have 
. traced them in a puppy for fully 13 mm. A study of the 
histogeny of the nervous system leads to the conclusion 
that the growth of conducting strands, if it cannot be de- 
scribed as a-response to function, keeps but little, if at all, 
ahead of function. Yet here we have what, to all appear- 
ance, are well-developed nerve-cells and fibres which cannot, 
so far as we can understand the conditions which obtain in 
the embryonic cerebellum, take on functional activity for 
some time. We should have expected to see the lateral 
extension of the limbs of the T delayed until there was a 
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possibility of impulses pessing. into them up the vertical 
limb. In the second place, if the view universally held as 
` to the function of the grenules—that they collect impulses 
from the afferent (mossy) ibres and distribute them to the 
dendrites of the Purkinje cells by means of their divaricating 
axons, a view enunciated ky Ramén-y Cajal in his Croonian 
lecture—be correct, the distinction between cellulipetal and 
cellulifugal conduction, in the case of granules, breaks down. 
Both the axgn and the jendrite of the precursor of the 
` granule conduct (when trey become the two limbs of the 
T-formed axon) outward ftom the cell. It may be said that 
a similar difficulty has to be met in the case of the cells of 
spinal ganglia; but the ceses are not quite parallel. It is 
open to us to consider the distal process of a root-ganglion 
‘cell as the dendrite, the proximal process as its äxon ; since 
the ‘one conducts cellulipesally, the other cellulifugally. Of 
course, if Apäthy’s theory of “ nerve-cells”’ and “ ganglion- 
cells” be substantiated, shis point loses its significance, 
since the root-ganglion. c2lls must be ‘‘nerve-cells,” from 
which fjbrils are developed, which grow both outwards to 
the sensory cells and inwards into the axial cells. If the 
description given by Ramcn y Cajal of the formation of the 
granule be correct, the cell-body withdraws from the fibre, 
just as in the case of a root-ganglion cell ; but the horizontal 
limb of the T is not a direct conductor from left to right, 
but a distributor of impulees to the left and to the right. 
Here I ought to mention a difficulty which has met me 
in tracing the origin of granules from these fusiform cells. 
In long hardened tissue I find these fusiform cells —which 
might be termed “ fibre-cells ”—in the developing molecular 
layer in very great numbers; but I have never succeeded 
in demonstrating the first step in their ‘conversion into 
_ granules. I find granulee with a carrot-like apical process 
‘which points towards the granular layer, and a very short 
T-process which branches right and left in fine nerves (fig. 
20), which looks as if it might have been derived from a 
fibre-cell ; but after a most prolonged search, I have failed 
to see the first step in the pinching together of the two pro- 
cesses of a fibre-cell. Again, in certain animals, especially 
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the puppy (fig. 18), the fibre-cells appear to be larger and 
better developed than the first-formed granules. Lastly, 
these well-developed fibre-cells often show fine branches 
given off vertically to their lateral continuations, both axonal 
and dendritic (fig. 19). Such branches appear to have no 
place in the constitution of the granules. 

Athias! insists that the bipolar calls are at first connected 
with the surface by a thick vertical process. Ramön y Cajal 
figures the same condition. But as soon as the body of the 
granule has withdrawn from the horizontal fibre it shows a 
thick process directed towards the granule layer. This 

_reversal is certainly very remarkaole, and I, have looked 
carefully for transitional stages, but without success. 

Occasionally I find a developing granule with a thick 
apical process which points towards the surface; but this ` 
‘condition is rare, and I think that Cajal, Popoff, Athias, and 
others, have confused with developing granules cells of a 
different kind (figs. 15, 16, 17) which are to be found in the 
deeper part of Obersteiner’s layer, or just below it. Under 
any circumstances it is very difficult to understand the transi- 
tions through which a truly bipolar cell (fig. 18) passes in be- 
coming a granule. At first it has an axon to one side and an 
apical process to the other. Then, according to the received 
account, it has an apical process directed towards the sur- 
face, and axons to right and left. Next it has a centrally- 
directed apical process and axons right and left. It appears 
to me that three different kinds of cell are developed in the 
molecular layer or superficial to it—A and B, the granules 
which I have called carrot-granales, and the ordinary 
granules from Obersteiner’s layer—C, the cells of Cajal, 
either from the deepest part of Obersteiner’s layer or from 
the underlying superficial part of the mantle-layer. 

Our information with regard to the histogenesis of the 
cerebellum is far from complete, but the following points 
seem to stand out clearly: (1) Tke nuclei found at birth 
and for some time subsequently, outside the sheet of cells of 

« Purkinje in the cortex cerebelli, are much more numerous 


! Athias. ‘ Recherches sur l’histogénése de P’&coroe du cervelet.” J. de 
vAnat, et de Physiol., XXXIII. (1897), p. 372. 
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than the nuclei of the molecular layer in the adult.. (2) 
There is no sufficient indication of cell division on the 
ventricular side of the cells of Purkinje to account for the 
formation of the granular layer. Hence the granules are 
migrants from the superficial tissue. (3) From: Obersteiner’s 
. layer are developed granules, ‘‘carrot-granules,” Cajal’s 
cells, and the small cortical cells or stellate cells of the 
molecular layer. (4) In the mantle proper are developed 
gleial cells, Gplgi cells, and Purkinje cells. ° 

The further stages in the growth of the granules have not _ 
been described, but they are of great interest. As soon as - 
the granule hag passed through the layer of Purkinje cells its 
apical carrot-shaped process increases considerably in length 
and gives off several slender side branches (figs. 1, 8, 23) 
which divide two or three times into long slender twigs. In 
this stage it shows none of the clawed arms which are so 
characteristic of the fully formed granule.. These appear 
later as lateral branches, very short at first (fig. 25). In the 
meantime the long apical process makes its way towards the 
arbor vitgs, which it frequently enters, becoming lost among 
the fibres (fig. 1). Its appearance at this stage is strongly 
suggestive of its feeling down amongst, the fibres for nerve 
connections. 

In puppies until they ere about 18 days old, hedgehogs 
18 days, kittens 2 weeks, none of the typical round granules 
with four or five arms ending in claws are to be found. All 
the granules have the appearance shown in figs. 1, 2, 3, &c. 
It is at this stage that the granules show a double connec- 
tion—with the fibres of the arbor vite on the one side, and 
with an axon divaricating in the molecular layer on the other. 

It is also to be noticed that the granules, which at first 
‘ are placed with their long axes horizontal (fibre-cells), are 
next placed vertically, as they migrate past the cells of 
Purkinje, and lastly, more or less horizontally again as they 
approach the arbor vite. l 

The meaning of the “claw ” is at present obscure. The 
claw assumes, in chrome-s-lver preparations, many different 
forms. Sometimes it appears as a hand with four or five 
fingers. Occasionally it is a complete basket, which is often 
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larger than the granule which it appears to enclose; too 
large, that is to say, to be in contact with the body sub- 
stance of the granule which it envelops. Every inter- 
mediate condition between these two forms is seen. Every 
now and again one sees a basket which appears to re-form 
into a fibre, as if the arm of the granule which had divided 
into a basketwork were in continuity through this basket- 
work with a (? mossy) fibre. 

. In my paper on the Chrome-silver Method I called atten- 
tion to the fact that the baskets of Ramön y Cajal which 
. invest the cells of Purkinje are frequently seen to reunite 
beneath the cells into bunches of fibres, which enter the 
granular layer. In other words, the tassel of Abrils depends 
beyond the base of the Purkinje cell. Instead of the tassel 
of fibres being closely applied to the surface of a Purkinje 
cell it is loose and large, and its twigs surround the axon of 
the cell. This observation is confirmed by Dr. John Turner, 
staining with methylene blue." On the other hand, fibres 
which branch in the granular layer. break up into baskets 
which approach the cell from below. Fibres are frequently 
seen in the granular layer which have just the same relation 
to: the Purkinje cells as the branches from the axons of 
Cajal’s cells, except that. whereas the latter approach them 
from below, the former approach them from above. It is 
quite possible that the two kinds of basket are continuous, 
or, to speak more correctly, that there is only one kind of 
basket into which the fibre from the one side breaks up, and 
from which the fibre on the other side is re-formed; the 
chrome-silver method revealing scmetimes the one half of 
the basket, and at other times the other. It is very difficult 
to account for such an arrangement as a basket-work which 
envelops the body of a cell without establishing any con- ` 
nections with it; and I hesitate to suggest a hypothesis, 
but it seems to me not impossible that where connection is 
to be established between two kinds of nerve-fibres the 
fibres break up into their constituent fibrils, which rest 
upon the body of a neutral cell. If this be possible, the 


! Turner. “A Note on the Staining of Brain in a Mixture of Methylene 
Blue and Peroxide of Hydrogen. ” Bram, 1900, p. 524. 
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cell of Purkinje in some way provides for the insulation 
and nutrition of the isolated fibrils. In the same way the 
baskets into which the arms of the granules appear to end 
‘may be bunches. of elementary fibrils separated out at the 
spot where the arm of a granule joins some other kind of 
fibre. Ishall amplify this hypothesis later on. 


Carrot-Granules with Centripetal Axis-Cylinders. 


In 1896?*I described and figured granules whose axis- 
cylinder processes join the fibres of the arbor vitæ. They are 
distinguished by their carrot-like form, and are only found 
in tissue which has been hardened in bichromate (with or 
without osmic acid or formalin) for a long time.” Subse- 


1 Brain, 1896, p. 35, fig. 14. 

* Method,—All the sections figured in this paper were prepared from tissue 
which had been immersed in bichromate of potassium and osmic acid or for- 
malin for a long time. When endeavouring to ascertain the nature of the 
chrome-silver reaction I varied ths length of time during which the tissue was. 
immersed in the respective fluids within very wide limits. This research was 
undertaken without any thought of discovering new elements of nerve-tissue, 
but merely with a view to ascertaining the nature aud the limitations of the 
method. Unlike Lenhossék, Ramón y Cajal, and others, I find that nothing 
is lost by a long immersion in the chromate. I know of no structural feature 
which is exhibited in tissue hardened in bichromate of potassium and osmic 
‚acid for a few days, which is not also to be found in tissue which has been 
hardened in this mixture for two or three years bsfore bsing transfurred to 
silver nitrate, ‘On the other hand. I have never found “ carrot-granules’”’ or 
the most delicately-branched fibres of the granular layer iu tissue which has 
not been hardened for at least a month ; and I am disposed to think that they 
‚are best seen in tissue which has been hardened for at least three months. 

After a year the tissue becomes very brittle and difficult to handle, and 
since nothing more is to be gained by such a prolonged hardening, I regard the 
best length of time for immersion in the chromate as from three to six months, _ 
This method is especially successful with young animals—oats, dogs, &c., of 
uot more than a month old. Among my specimens from adult brains which 
have lain in bichromate of potassium and osmic acid for more than a year the 
greater number are complete failures. Some, on the other hand, are admirably 
coloured. Evidently, therefore, other conditions beside the long hardening 
help to determine the success or failure of the impregnation. How admirably 
it may succeed is well shown in fig. 12, of a Golgi cell from the cerebellum of 
-a cat twenty-seven days old, hardened for five months. This cell lies at the 
apex of a convolution, and it is curious to note that its branched axis-cylinder 
is continued by a very delicate fibre to the extreme base of the convolution, a 
-distance of at least 2 mm. Whether or not this revelation is due to the 
method it is impossible to say, but I have never seen such a connection in a 
specimen hardened as directed by Golgi or by Ramón y Cajal. Nor is it in 
-accordarice with any description of these cells of Golgi’s type II., the specific 
character of which is supposed to lie in the complete arborisation of their 
axons within the cortex. 

It is to be noticed that the dendrites of the Golgi cells are destitute of 
thorns. In this respect they contrast in a very marked way with the ex- 
tremely thorny dendrites of the Purkinje cells, fragments of which are to be 
.geen on the right and left of the figure. 
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quently (Braın, 1897, pp. 125 and 466) I described and 
photographed granules of extremely similar form, which I 
had found in the moleeular layer. After Ramön y Cajal’s 
description of the origin of the granules from bipolar cells, I 
am satisfied that those which I described are embryonic 
granules, strangely unlike to adult granules though they are. 
Carrot-granules with centripetal axis-cylinders are, however, . 
cells which cannot be confused with developing clawed 
granules. They are most numerous at the, apices of the 
folia, when they appear (as shown in -fig. 18) as cells of 
considerable length. They always take a brown coloura- 
tion, the nucleus remaining clear. Their apical processes 
divide two or three times as they extend outwards towards 
the cells of Purkinje. Their axis-cylinders may be un- 
divided, or they may: give off branches which return towards 
the surface. In the developing cortex cerebelli, at an early 
stage, cells are to be seen which cannot be embryonic 
granules of the ordinary form (figs. 15, 16, and 17). They 
are placed vertically to the surface. Their apical processes 
reach at first to the pia mater, where they usually.end in a 
knob, which rests against this membrane. Their axons 
take a centripetal course. Subsequently the apical process 
withdraws from the pia mater, and the cells sink more ` 
deeply in the molecular layer. Their axons frequently give 
slender lateral branches. It is possible that these cells will 
grow into Golgi cells or even.into cells of Purkinje; but 
considering the very early date at which cells of both these 
classes assume a well-developed appearance, I am disposed 
to think that the fusiform cells just described are not 
destined to undergo this transformation, but are developing 
carrot-granules. The cells represented in fig. 17 in the 
molecular layer certainly appear to be the same as those 
which are represented in fig. 13 in the granular layer. 

I have found carrot-granules in very large numbers in 
rats (up to 12 days), kittens (to 14 days), puppies (to 21 
days), hedgehogs (to about 18 days). I have never found 
them, with certainty, in adult ceredella. It is true that I 
have found a few doubtful specimens in adult sheep, but 
they were not ‘sufficiently distinct for me to lay any stress 
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“upon them as proving that the granule with centripetal axis- 
cylinder is a permanent structure. On the other hand it 
should be noted that these granules make their appearance 
only after long hardening, and I have but very little adult 
tissue which has been so treated. One is afraid to lay down 
any rule for the chrome-silver reaction, the next set of 
sections prepared may prove it fallacious; but in several ` 
specimens of tissue which were tested by the nitrate of 
silver at interwals during tke hardening process, the granules 
with centripetal axons were not found until after long 
hardening, the earliest case being after immersion for five 
months in bichsomate and osmic acid. 

Are the carrot-granules with centripetal axons, like the 
carrot-granules with centrifugal axons, embryonic cells? A 
very large number of observations have failed to reveal any 
transitional forms, and’ it is difficult to conceive, if they be 
embryonic, into what aduli elements they grow. It might 
be supposed that they grow into Golgi cells; but the Golgi 
cells are remarkably mature in appearance in sections which 
abound in carrot-granules; indeed, they are amongst the 
earliest of the cerebellar elements to take on an adult form. 
Again, the Golgi cells are always supposed to belong to 
“ Golgi’s type IT.,” that is to say they are cells with short 
axis-cylinders. (A curious instance of an axis-cylinder 
which does not terminate by arborisation in the vicinity of 
the cell is shown in fig. 13; but this does not justify us in 
drawing the conclusion that all Golgi cells have connections 
with the fibres of the arbor vite.) I cannot at the present 
time see any indication that the carrot-granules are young 
Golgi cells. The only alternative left open is, therefore, 
that either they are cells found in the young animal which 
disappear in the adult, or that they are cells which the 
chrome-silver method reveais in the young animal (owing to 
its peculiar suitability for embryonic tissue) and does not 
reveal in the adult. 

If these cells belong to a distinct and hitherto unrecog- 
nised class it is most impcrtant that they should receive a 
distinctive name. The application to tissue elements of the 
names of their discoverers is to be deprecated except in very 
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special cases. That Purkinje, Golgi and Cajal should have 
written their names on the cerebellum is no more than their 
due, but even in their case the application of the name 
should be rigidly limited. The calls most intimately asso- 
ciated with Cajal are the basket cells. Cells of the mole- 
cular layer which do not form baskets must bear another 
name, and probably none is better than “small cortical 
cells,” proposed by Schäfer. Golgi’s cells are the remark- 
‘able large cells with branching axis-cylinders. Some of 
them lie amongst the cells of Purkinje and branch in the 
molecular layer, whereas others are restricted to the granular 
layer. The application of Golgi’s name to.other cells, and 
especially to the granules, is extremely confusing. Probably 
the time-honoured name “ granule” is the least likely to be 
misunderstood. ‘If the cells which I have described are 
distinct from the typical round granule, the term ‘‘ carrot- 
granule” will probably as well as any other mark this dis- 
tinction and at the same time convey to the reader’s mind 
the idea‘ that they are so small as to belong to quite a 
different class of element from the Golgi-cells. Their rarely- 
branching axis-cylinder continued into the arbor vitæ com- 
pletely separates them from the “cells with short axis- 
cylinder of Golgi’s type IT.” 

Since the cells of Purkinje are the only recognised cells 
with descending axons, I have spoken of the carrot-granules 
as connected with ascending fibres; but this is, of course, 
a hypothesis in support of which we have not, at present,‘ 
any evidence. 


(2) SYMPATHETIC SYSTEM. 


When evidence derived from the central nervous system 
led to the formulation of the neuron theory, it was concluded 
that the cells of the sporadic ganglia must be brought into 
line with the neurons of the axis. Instead of the sympa- 
thetic cells being ‘‘ distributive,’ in the sense that each 
receives one nerve-fibre of a certain thickness and gives 
origin to a number of thinner fibres—the afferent fibre 
being usually medullated and the efferent fibre non- 
medullated—it was assumed that the thicker fibre is the 
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axon, the thinner fibres dendrites. But the histological 
evidence upon which this view is based is not by any 
means satisfactory. I may summarise my doubts as to its 
justice under the following heads :— 
(a) The alleged dendrites do not present the characters 
by which dendrites are usyally distinguished. This is shown 
in all figures with which I am acqntainted (see, for example, 
Köllicker’s ‘“ Gewebelehre,” vol. ii., figs. 834, 835), and 
therefore I haye not thought it necessary to prepare fresh 
illustrations. The end branches of the so-called dendrites 
are exceedingly slender filaments, often of a great length. 
- They are usuajly varicose—a very characteristic feature of 
the finest nerve-fibres and a rare feature in dendrites. They 
are destitute of thorns. For reasons which will appear later 
I regard thorns as the distinctive markings .of true dendrites, : 
but on this point I possibly take too strong a position. 

.(b) The so-called dendrites may often be followed beyond 

the limits of the ganglion. Where stained cells lie near 
the point of exit of a gray ramus the so-called dendrites fre- 
quently pass as a bundle of very slender fibres into the ramus. 
(c) If it be accepted that the branching processes’ are 
‘dendrites it is very difficult to assign to them any function. 
Setting aside the doctrine of their purely nutritive function, 
dendrites are regarded as establishing connections between 
the cells to which they belong and the end-branches of 
axons of cells lower or higher in the system. The tissue of 
' which the ganglia are composed is however peculiarly un- 
favourable for such connections. It is a dense connective 
tissue packed with large nerve-cells and traversed by in- 
numerable nerve-fibres. There is no “ gray matter.” There 
. is none of the tissue which, in the cerebro-spinal axis or in 
the ganglia of invertebrates, seems to be essential for the 
. establishment of such connections. 

(d) Failing communications between end-branches and 
dendrites, the manner in which the neurons of the axis in- 
fluence the neurons of the ganglia is insufficiently explained. 
It appears to be limited to the various forms of “ basket ” 
which have been described. Ramön y Cajal, Retzius, 

Kölliker and others, have described certain of the ‘‘ dendritic 
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branches” as forming baskets, upon which Kölliker very 
properly remarks: “Welchem Verhalten ich jedoch bei 
genauer Ueberlegung keinerlei physiologische Bedeutung 
zuschreiben kann und dasselbe nar für etwas zufälliges 
erklären muss” (loc..cit., p. 853). The whole question of 
baskets, pericellular plexuses, and pericellular tangles is 
most obscure. Their primary purpose does not seem to me 
to be.to establish a connection between end-branches and 
the cell-body which they invest; ;o this question I have 
already referred, suggesting a hypothesis, when treating of 
the granules of the cerebellum. l 

(e) It is beyond question that the pregayglionic nerves 
(white rami, &c.) contain fewer fibres, and these larger 
(medullated) than the postganglionic nerve. As Gaskell’s! 

‚careful analysis of the sympathetic system showed, the 
ganglia may be looked upon as stations in which medullated 
fibres are replaced by bundles of ncn-medullated fibres. . If 
the old view that the cells of the sympathetic ganglia 
recelve each a large fibre and give off a number of fine 
fibres be discarded, the enormous multiplication pf fibres 
which occurs in the ganglia must be effected by the sub- _ 
division of the axons of their cells Such a subdivision is 
assumed; but in cases in which thas process of a cell which 
is, beyond doubt, its axon can be followed for some distance, 
it is, so far as my own observations go, conspicuous for the 
absence of collaterals or side branches of any kind. 

(J) If the neuron theory be applicable to the sympathetic 
system, which is, so far as we know, entirely an efferent 
system, the preganglionic fibres must end by arborisation, 
the axons of the cells must constitute postganglionic fibres. 
I have made various preparations with a view to ascertaining 
if this is the case. Owing to technical difficulties these pre- 

` . parations are not quite satisfactory,’ but they leave me in ° 
little doubt but that the axons of the cells of the sympathetic 
ganglia are directed towards the preganglionic fibres, 7.e., 
towards the cerebro-spinal axis. In the superior cervical 
ganglion, for example, the axons leave the ganglion at its 


| Gaskell. `‘ Nerves which Innervate the V_sceral and Vascular Systems.” 
Journal of Physiology, vii., 1. 


- CONSIDERATIONS OPPOSED :TO’ THE “NEURON THEORY” 679 | 


cervical end. . This is a question upon which I hope to give 
a. further report in a short time. 

(9) The mode of origin of the sympathetic ganglia is 
suggestive of a permanent connection between their cells 
.and cells in the cerebro-spinal axis. The sympathetic 
neuroblasts are cells which at a very early stage -have 
migrated from the neuro-epithelium which forms the 
cerebro-spinal axis and the spinal ganglia. It may well be 
that they retain, during their migration outwards, a con- 
nection with the cells with which they are genetically ` 
associated. They may each “pay out” a strand—the subse- 
quent axis-cylipder which keeps them in union with their 
mother cell. This is, of course, a mere speculation. If the 
sympathetic rudiments are separated off from the rudiments 
of the spinal ganglia as His teaches, the genetic connection 
would be difficult to explain, since the fibres of the white 
rami communicantes travel chiefly in anterior roots. At 
any rate the fact of migration makes the retention of con- 
necting fibres between mother cells and daughter cells 
possible, whereas, if the ganglia had completely ae 
_tudiments, it would be impossible. 

` The strongest argumens for discontinuity of neurons in 
the sympathetic gangha is to be derived from the well- 
known observations of Langley and Anderson, that nicotin 
paralyses the ganglia, preventing the passage of impulses 
vid the ganglion-cells, while it does not paralyse the fibres 
which pass without interruption through the ganglia. It 
would seem natural to suppose that the nicotin prevents the 
end-branches of the higher neuron. from acting upon. the 
cell-body of the lower neuron. But, on the other hand, 
against- this interpretation is the fact that nicotin does not 
thus stop the passage of impulses in the ganglia of Auerbach 
and Meissner in the intestine. 

Langley, on this account, doubts whether these are 
ganglion cells in the proper sense of the term. They have,‘ 
however, exactly the same histological characters -as the 
cells of the ganglia. This is shown in figs. 841, 842, 843, 
844, 845, of Kélliker’s handbook. A study of these intes- 
‘tinal plexuses reveals their amazing richness in nerve-cells. 
If these cells are stations for breaking up nerve-fibres 
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afferent to the plexus into bunches of efferent nerve-fibres 
for the supply of the musculature of the intestinal wall; it is 
.not impossible that they provide a separate fibril for every 
muscle-cell. 

If the neuron theory is true it is applicable to the 
sympathetic system. The evidence that this is the case is 


‘not, as yet, complete or convincirg. There are, on the 


contrary, reasons for supposing that fibres which start from 
cells in the cerebro-spinal axis end in cells ip the sympa- 


‘thetic ganglia, and that fibres from cells in these ganglia 


end in cells of the intestinal plexuses. If such a direct 
connection obtains between cell and cell, the neuron theory 
of the separateness and isolation of all nerve-cells breaks 
down. ' 

(8) THORNS. 


In papers already referred to I have called attention to 
the following facts :—(a) By varying the method of prepara- 
tion, although using absolutely fresh and healthy tissue, 
specimens of cortical pyramids and other large cells may 
be obtained which in some cases are absolutely thornless, 
whereas in other preparations they bear thorns. (b) Thorns 
present a great variety ofform. Usually they are short rods 
ending in knobs; occasionally they appear as filaments 
without knobs, two or three times as long as the knobbed 
rods. (c) In certain specimens no thorns are seen, but 
their place is taken by one.or more minute black dots. 
When there are several of these dots they are always 
arranged in a straight line. 

From these facts I draw the conclusion that the sub- 
stance which has the power of fixing the chrome-salt, and, 
‘therefore, on the entrance into the tissue of silver-nitrate, 
„of forming a silver-chrome salt which is subsequently re- 
” duced, is a semi-fiuid substance which surrounds and in- 


1 The nature of the reaction which ocours in the Golgi method of coloura- 
tion does not seem to be generally understood. The reaction appears to be as 
follows :—When nerve-tissue is placed in a chromate, certain cells and fibres 
fix the chrome-salt. When the block is dropped into nitrate of silver, the 
loose chrome-salt quickly diffuses out into the silver-nitrate, which it precipi- 
tates as silver-chromate. The silver-nitrate enters the block more slowly, and 
wherever it finds a tissue-element which has retained the chrome-salt it com- 
bines with the chrome-salt to form an unstable subchromate of silver. Osmic 
acid and formalin favour the fixation of the tissue, without in any way taking 
part in, or interfering with, the reaction. 


; 
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vests unstaining fibrils. The usual appearance of a rod 
and knob is due to the fact that at the time of.fixation the’ 
semi-fluid cytoplasm of the dendrites is extruded outwards 
-along the unstained filament which every thorn contains. 
Beyond a certain distance from the dendrite the film, which 
presumably becomes tbirner and thinner the farther it is 
from the dendrite, collects, under the force of cohesion, into 
a droplet. The thorn, therefore, appears as a rod ending in 
a knob, becayse this is the form which the stainable cyto- 
plasm, assumes; but there is no ground for supposing that 
the supporting unstained fibril ends at the knob. If a thin 
‘wire be plunged into syrup, the viscid liquid which forms 
a film around the wire at the moment when it is withdrawn, 
runs the next moment into drops. When a thorn is replaced . 
by a row of black dots, it seems clear that the droplets are 
supported upon a something which resembles the wire which 
supports the drops of syrup. 

Thorns, therefore, are not artifacts in any proper sense 
of the word. They are the unstained (conducting ?) ‘fibrils 
surrounded for a longer or shorter distance with the cyto- 
plasm of the dendrites, tke cytoplasm alone being coloured. 

This hypothesis is justified by a study of the develop- 
ment of thorns. In young cells, in which the cytoplasm is, 
relatively to the nerve-fibuls, apparently more abundant than 
it is in adult cells, the thorns are larger and coarser. This 
is conspicuously the case on the woolly-looking dendrites of 
the cells of Purkinje at a very early stage. It may also be 
noticed, as was pointed out by Athias, that when the cells 
of Purkinje are first recognisable, filaments appear to join 
their cell-bodies; wherees, part passu with the growth of 
the dendrites, the cell-body becomes clean and free from 
filaments, as if the dendrites carried the connecting fila- 
ments away from the body of the cell. Figs. 27, 28, and 29. _ 
represent three very typical stagesin the development of a 
Purkinje cell. 

If this evidence be admitted, gray matter panini a 
scaffolding formed of ar infinite number of fibrils, which 
place the arborisations cf axons and of collaterals in con- 
nection with dendrites. Owing to the extreme tenuity of 
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_these fibrils in higher animals, no method of staining them 
outside the cell, in such a way that they are amenable to ex- 
` amination by the microscope, has yet been devised; although, 
as will be presently explained, Bethe seems to have.stained. 
either certain of the larger fibrils or groups of fibrils. Yet 
the delicate fibrils of vertebrate nerve-tissue are probably 
the phylogenetic successors of the coarser fibrils, ‘which 
Apathy, using chloride of gold, demonstrates in inverte- 
brates. For the protection, nourishment, and insulation of 
such fibrils some “intercellular substance ”—in"the sense in 
which Nissl? uses the term—seems to be needed. Within 
the cell the fibrils are supported by cytoplasm. 

If it be urged that the chrome-silver staining ought to 
reveal the presence of this labyrinth of ‘primitive fibrils, it 
may be answered that it very frequently does do so; but all 
preparations in which there is eviderce of the existence of 
an infinity of fibrils are set aside as mis-stainings. Every- 
one who uses the Golgi method is fanziliar with the blotches 
of black deposit, looking like a burr on a wild rose-bush, 
which are seen here and there in most preparations.. They 
are set aside as “‘ deposits ” because no details of structure 
can be seen within them; but the fibrils which appear 
around the edge of the blotch are ro doubt actual struc- 
tures about which the deposit has occurred. 

, Further, it must be remembered that intracellular fibrils 
have been described by many observers. It can hardly be 
doubted that such primitive fibrils exist; and if—as there 
seems every reason for thinking—they are the conducting 
elements of the nervous system, it is much more likely that 
they come to the cell from outside than that they originate 
within the cell and its dendrites. 

Since Max Schultze, in “ Stricker’s Handbook of His- 
tology” (1871), described the fibrillstion of the cell-body, 
. fibrille have been described by H. Schultze, Flemming, 
Benda, Dogiel, Kronthal, Apäthy, Nissl, Held, Bethe, et al. 
No two of these descriptions exactly agree, so far as regards 
the size and disposition of the fibrils within the cell, and it 


' Nissl. ‘‘ Nervenzellen und graue Substanz,’ Münch, med. Wochenschrift, 
1898, pp. 988, 1023, 1060. 
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must be admitted that it is impossible at the present moment 
to form a clear idea as to their nature. Bethe’s' descrip- 
. tions are the most definite. He stains the primitive fibrils 
with toluidin blue after solution of Nissl’s bodies in am- 
monia. The fibrils are so closely set in the axons that it 
is difficult to distinguish them individually, although the 
fibrils destined for collaterals are recognisable owing to their 
greater distinctness and dark colouring. But by no means 
all the fibrilg which join dendrites are destined for the axon. 
Some traverse the cell body on their road from one dendrite 
.to another. Others agam, enter by one branch of a den- 
drite and leaye by another. Bethe’s description differs from 
Apäthy’s in one very important respect. He sees the primi- 
tive fibrils as distinct and separate fibrils, traversing the 
cell-body without anastomosis, whereas Apathy finds that in 
the majority of cases the entering fibrils form a plexus in 
the periphery of the cell from which ‘radial branches pass to 
the neighbourhood of the nucleus where they form a second ° 
. plexus, out of which arises the, usually single, neuro-fibril of 
the axgn. Neither Apäthy’s nor Bethe’s description fits in 
with the description of Golgi? of a comparatively coarse 
plexus in the periphery of the cell. This latter is not per- 
haps a very important point. From many preparations of 
Golgi’s intracellular network which I have made, I am in- . 
clined to regard it, since it is sometimes coarser, sometimes 
finer, as not the demonstration of definite structural elements 
but a somewhat irregular deposition of silver in the “ un- 
stainable” substance of Nissl. It seems to me that the“ 
protoplasm in which the tigroids are embedded fixes the 
chrome-salt, and this subsequently combines with the silver, 
without regard to any primitive fibrils which may pass 
through it, except in so far as the arrangement of the fibrils 
determines the arrangement of the silver- reducing substance 
of the cells. 
With Apäthy’s and Bethe’s definite results before us, 
as well as the less certain observations of many previous 


‘Bethe. ‘ Ueber die Primitivfibrillen in den en vom Men- 
schen, &e.” Schwalbe’s morphologische Arbeiten, viii., 1898, p. 9 
2 Golgi.. “Sur la structure des er nerveuses,” Pane ital. de 
biol., xxx., 1898, p. 60. 
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observers, ‘it is impossible to doubt that the non- Sting 
substance of Nissl is traversed by fibrils, although we still 
have much to learn with regard to their thickness, course 
and disposition. Especially must we regard it as uncertain 
` at present (1) whether the fibrils form a plexus within thé 
cell or cross one another in a feltwork, and (2) whether f 
‚each fibril is a distinct .unit which a-ways retains its indi- 
viduality, or whether it may fuse with other fibrils. Bethe 
regards every fibril as an independent conducting strand; 
‘presumably incapable of fusion with other fibrils. Apathy 
sees the fibrils unite to form thicker fibrils and subdivide 
into finer fibrils. . 

Accepting Bethe’s description of fibrils, it is to be noted 
that he observes them entering and leaving the dendrites by 
their branches.only. Here I venture to think that Bethe’s 
observations are incomplete. It appears to me that no 
account of the minute anatomy of the nerve-cell is satisfac- 
tory which, ignores the “thorns.” Thorns as shown by 
chrome-silver colouration are most definite structures of 
obvious physiological importance. From Bethe’s figures 
and description I gather that his stainmg method does not 
reveal their presence, and this being the case, I take it that 
his stain fills in a part of the picture only. The arguments 

` already used lead me to the conclusion that every thorn is‘a 
fibril near its junction with a cell. Apäthy’s and Bethe’s 
“ primitive fibrils” may be bundles cf fibrils, or they may 
be fibrils formed by the fusion of a number of truly primitive 
fibrils—‘‘ elementary fibrils,” as Apathy terms them—but 
the combined fibrils are not properly entitled to be styled 
primitive. Every thorn is the cell-eni of a primitive fibril. 

Probably the true primitive fibrils fuse to form the fibrils 
which Apathy recognises, when stainec. with chloride of gold, 

in the same way as Apäthy’s elementary ‘fibrils unite into 
his “ primitive fibrils,” and then fuse sgain to form “‘ neuro- 
fibrils.” 

In one of the papers already referred to I have hazarded 

. the conjecture that nerve-conduction depends upon the 
establishment: of a certain relation between the conducting: 
fibrils and the cell-protoplasm by which they are invested. 
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I ki endeavoured to show that if this be the case, all the 
phenomena of attention, inhibition, sleep, which have been 
supposed to have their physical basis in the condition of 
extension, to a greater or less.extent, of pseudopodial pro- 
cesses of the’ dendrites, might be just as well explained as 
` the result of the extension along the conducting fibrils, to 
a greater or less extent, of the cytoplasm. My.hypothesis, 
indeed, removes a fundamental difficulty in the conduction- 
by-contact fheory. Upholders of this theory speak of the 
extension of processes from one neuron to another as a 
„natural physiological precursor of conduction. They talk 
-of “conduction by contact” as if it presented no physical 
difficulties. They forget that at the time when an impulse 
has traversed the neuron A on its way to the neuron B, the ` 
approximation of the conducting processes of the two neurons 
can be effected by no means other than the passage across 
the gap which separates them of the impulse which is about 
to be conducted along a physiologically continuots strand. 
Conductio in distans must precede conduction by contact. 
In other words, the contact theory does not in any way 
explain the antecedent adjustment by which contact is 
brouglit about. Now, my hypothesis of continuity of: the 
conducting filaments, with variability of their effectiveness 
as conductors, gives a more intelligible explanation of 
“attention” and “inhibition.” The conducting fibrils 
never lose a low degree of conductivity. The first’ impulse 
_ which struggles through from nerve-cell A to nerve-cell B 
brings about an overflow of cytoplasm from the one to the 
- other which, ipso facto, creates an open road along which 
subsequent impulses—all impulses ‘are; of course, vibra- 
tory—pass with ease. At the same time other paths, not in 
the circuit, are blocked by withdrawal of cytoplasm ; pro- 
ducing the well-known phenomenon of inhibition for all 
competing reflexes. 
This hypothesis also disposes of ee has been termed’ 
' the “ physiological evidence in favour of the neuron theory.” 
Physiologists have resisted the doctrine of the continuity of 
conducting fibrils, on the ground that such continuity leaves: 
‘the nerve-cells nothing to do—gives no opportunity for the 
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explanation’ of the tiring of’ mare, ‘the delay of ime ' 
pulses, &c.’ But if effectiveness of conduction ‘depends-upon 
” certain relation between the conductor and the cytoplasm ` 
in which it is embedded, it is free.to the physiologists to 
` restore to the nerve-cells any prerogatives which they may 
Sonsider that their status in the system requires. 
“We can imagine that some day the’ quality of all nerve 
‘ phenomens, from. a knee-jerk to a thought, will be explained 
as due to the distribution of sensory impressigns through 
the labyrinth of fibrils, the. conductivity of which is auto- 
matically regulated by the impulses’ themselves, within the 
. limits inBenkd. by the hereditary tendency of the individual’s 
cytoplasm to overflow in certain direstions, and with certain, 
urgency, and the functional condition of the cytoplasm at ` 
the time ; but until my hypothesis has some basis on histo- 
logical Gheervationia it is futile to consider the more detailed. 
applications which may be made of it. . l 
Lastly, not all kinds of cells bear thorns. In the case of 
‚the cerebellum, for example, it is remarkable that whereas , 
the superficial molecular cells, Cajal’s cells, and Pugkinje’ s 


> cells are conspicuous for their thorniness, the cells ef Golgi 


have thornless dendrites. As the cells of Golgi are indubit- . 
ably nervous, the absence of thorns cannot be without . 
significance; and one naturally notes that these cells are 
remarkable for the extreme richness of the branching of 
their axis-cylinders. Their elaborate arborisation provides 
a complicated system of'intercomraunication with other 
nerve-cells or fibres, without any need for the dendrite 
system to be called into play, to the same extent as in the’ 
cells of Purkinje for example. We may suppose that, in the’ 
‚case of Golgi’s cells, the collection of fibrils from afferent 
nerves does not, as in the case of other cerebellar cells, 
‘occur chiefly through the dendrites. Hence the dendrites 
. are not studded with the ends of entering fibrils, ¢.e., there ° 
‘are no thorns. $ l 


THE CONNECTION OF DENDRITES WITH CONNECTIVE 
TıssuE ELEMENTS. 


As is well-known the’ continuity of dendrites with pia“ 
mater and with blood-vessels was described by Golgi and 
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' Rämon y Cajal. If the chrome-silver method isto ‘be 
trusted such a connection is beyond dispute. The apical 
processes of developing granules are seen to end in knobs. 
beneath the pia mater, and the connection of dendrites with 
connective tissue elements is in certain cases unmistakable. 
The dismissal-of such connections as occasional does nothing” 
to clear the ground: ` _If it ever obtains, and it is difficult-to. , 
suppose that the definite silver ‘colouration occurs in the 
absence of apy underlying substance, it is a matter of pro-- 
found significance, for it compels the ‚conelusion that the 
dendrites are not solely composed: of conducting substance. 
They must copsist of a non-conducting cell-substance which 
fuses with, or at any rate reaches to, the connective tissue- 
elements, and of conducting substance, presumably fibrils, 
which does not extend to the tips of the dendrites. We 
must figure the cytoplasm as forming dendrites through 
which conducting fibrils pass. Provided the fibrils are 
isolated from the connective tissue it matters little whether 
‘the rest of the cell substance is connected with it or no. 
Rohde !, described the continuity of the spongioplasm of 
nerve-cells with the spongioplasm of connective tissue cells 
in the electric lobe of Torpedo, whereas the hyaloplasm of the 
nerve-cell is distinct. He had not observed primitive fibrils. 


SUMMARY. 


The neuron theory, or statement, alleges the anatomical: 
independence of nerve-cells. l 

This statement is based upon appearances obtained by 
methods which colour the cytoplasm and leave the conduct- 
ing elements uncoloured. 

(1) Even in chrome-silver preparations evidence i is forth-- 
coming that fibres which start as the axons of certain larger 
cells end, after subdivision, by uniting directly with smaller 
cells. Such a connection of cell with cell is to be seen or 
inferred in the case of (A) the granules of the cerebellum 
and in (B) of the cells of the sympathetic system. 

(A) If the granules of the cerebellum are observed in 


! Rohde, Arch. f. mikros. Anat., 1895, p. 408. 


n 
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' their embryonic condition—when they are carrot-like and as 


yet, unfurnished with clawed arms—they are seen to be 


.. directly connected with fibres from the arbor vite. (a) The 


same fibre from the arbor vitæ way divide to form the 
axons of’ two or more granules. (b) A granule which 


. gives the characteristic divaricating axon to the molecular . 
. layer may, in addition, send an axon to the arbor. vite. 


(B) There are reasons for concluding that the slender 


l processes of cells. of the sympathetic systep (which are 


universally regarded as dendrites) are in reality axons or 
nerve-fibres. If this be correct each cell receives the axon 
of a cell higher in the system and gives off a, bunch of finer 
axons for cells lower in the system—is, in fact, a distributing 


cell. 


(2) Thorns are in no sense artifacts, but primitive fibrils 
invested by cytoplasm for a cersain distance from the 
dendrites into which they enter. Since the cytoplasm is 
continued but a short distance alcng the fibrils, and since 
this substance is alone coloured by the methylene-blue or’ 
the chrome-silver methods, the cell-end of the fibril appears 
as a thorn, or rather as a rod with a knob (gemmule), owing 
to the semi-fluid sheath of cytoplasm having collected at its ° 
end into a droplet. 


DESCRIPTION OF FIGURES. 
In most of the figures the positions of the cells of Purkinje and of the fibres 


, of the arbor vitæ are indicated. Their size and the distance between them shows 


the magnification. 
Puate 1. 


Fig. 1.—Puppy, 6 days old. Cerebellum. Hardened in bichromate of 
potassium and osmic acid mixture for more than a year. Two granules with 
axis-cylinder processes which divaricate in the molecular layer and, in addi- 
tion, slender processes passing to the arbor vite which have the appearance 
of axis-eylinders. : 


Fig. 2.—Kitten, 4 days old. Cerebellum. Hardened six months, A 
granule giving an axis-cylinder to the molzcular layer and another to the 
arbor vite. 


Fia. 3.—Same preparation as fig. 1. Tle fibre to the arbor vitæ gives off 
branches at right angles. 


Fic. 4.—-Same preparation as fig. 2. The fibre to the arbor vitæ is not so 
directly continuous with the granule as in figs, 1 and 2. It looks as if some 
sort of basket or ‘‘ claw ” connection were baing formed. 


Fic. 5.—Same preparation as fig. 2. Shows the same method of connec- 


- tion of a fibre from the arbor vite with a granule. | 
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PLATE 2. 


` Fia. 6.— Same preparation as fig. 2. A granule which shows a curiously 
thick process passing between the cells of Purkinje into the molecular layer, 
and a centripetal axon which appears to join a fibre which branches in the 
molecular layer. i ` 


Fic. 7.—Same preparation as fig. 2. The axon of the granule divides 
into one branch which passes backwards to the arbor vitæ and another 
. branch which again gives off a branch before it enters the molecular layer. 


Fig. 8,—Rat, 12 days old. Cerebellum hardened in bichromate of potas- 
sium and osmic acid for twelve months. The granule, which lies near to and 
parallel with thé fibres of the arbor vite, gives off an axon which divaricates 
before it has passed the layer of celfy of Purkinje, one of the two branches: 
entering the molecular layer and the other returning towards the arbor vitæ. 


Fic. 9.—Kitten, 10 days old. Hardened six months. A granule, the. 
axon of which hàs a very complicated and tortuous course before it gives a 
branch which bifurcates on its way to the molecular layer. 


Fic. 10.—Kitten, 4 days old. Two carrot-granules at opposite sides of 
the folium are provided with axons which unite into a single fibre which can 
be followed for a considerable distance in the arbor vitæ. The nuclei of . 
Obersteiner’s layer are shown at one'place beneath the pia mater. 


PLATE 8. 


Fie. 11.—Kitten, 7 days old. Hardened for two months, ' Two granules 
with united axons. 


Fic, 1%.—A single Golgi-cell is seen lying between two fragments of the 
thorny dendritic systems of Purkinje-cells at the apex of a folium. The 
dendrites of the Golgi-cell are thornless. The axon of the cell, after giving 
rise to a copious arborescence, is continued to the very base of the folium, a 
distance of at least 2 mm. 


PLATE 4, 


Fic. 18.—Kitten, 14 days old. Hardened nine months. The section, 
which cuts the folium transversely, passes obliquely through the granular 
layer, from the cells of Purkinje to the arbor vite. It shows a very typical 
group of carrot-granules. The axons of some of the granules are unbranched, 
others give off collaterals. 


Fic. 14.—Kitten, 7 days old. Hardened in bichromate of potassium and 
osmic acid for'nearly two years. The cell, which is rather larger than an 
ordinary granule, gives off three processes, each of which has the character of 
an axon. $ ; 


Fics. 15, 16, 17.—Kitten, 4 days old. Three groups of cells placed 
vertically to the pia mater, which appear to be developing carrot-granules. . 
Figs, 15 and 17 with obj. 4 in., oc. 4; fig. 16, obj. 3 in., oc. 8. 


Fre. 18.—Kitten, 17 days old. Section parallel to long axis of folium; 
oblique to surface. In the molecular layer just below Obersteiner’s layer 
ae granular layer) are three cells lying parallel to the surface. The 

istinction between the apical process and the axon is marked with unusual 
clearness; but every intermediate form is to be observed between such cells 
as these and cells which appear to give off a long axis-cylinder process on 
either side, The axon of the deepest of the three cells gives short lateral 
branches. The divaricating fibres into which the axons of granules divide 
are scen beneath the three “ fibre-cells.” 
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Fia. 19.—Kitten, 17 days old.. Two tangential cells in the molecular 
layer, immediatély beneath Obersteiner’s layer. The cell to the right shows 
an apical process directed towards the surface. - 


Fie. 20.—Kitten, 17 days old. Two granules in an early stage of develop- 
ment. They lie in the molecular layer just beneath Obersteiner’s nuclei. 
According to Ramon y Cajal’s account they have been formed by the pinching 
together of the processes of tangential cells similar to those shown in figs, 18 

` and 19. . : . 


Prats 5. : 
Fic. '21.—Kitten, 4 days old. Cells in molecular layer. just beneath 


tangential cells of an ambiguous character—apparently developing carrot- 
granules. . 


Fic. 22.—Kitten, 14 days old. Developing granules the apical processes 
of which reach as far as, or beyond, the cells of Purkinje. 


Fig. 23.—Puppy, 6 days old. ' A granule in a more advanced condition. 
The apical process is carrot-shaped with large numbers of sender branches, 
It lies almost parallel to the fibres of the arbor vite. Its axon bifurcates in 


. „the molecular layer. y 


Fia. 24,—Hedgehog, 2 weeks old. The apical process appears to join one 
of the branches of a “ mossy ” fibre. This is typical of a large number of pre- 
parations in which a direct union between & mossy fibre and the apical 
process of a developing granule can be traced. 


Fic. 25.—Hedgehog, 2 weeks old. A granule which still shows an apical 
process extending into the arbor vite as well as an axon which enters the, 
molecular layer ; but it also exhibits commencing arms with claws. Figs. 20, 
22, 23, 24, 25 represent successive stages in the development of granules, 
intermediate between the tangential “ fibre-cell” and the adult-round granulo 
with five or six clawed arms. . =; 


Fie. 26.—Kitten, 2 days old, Four granules which lie in the granular 

layer. Each gives a-characteristic axon to the molecular ‘layer, and, in 

addition, several slender processes towards the arbor vite. The processes of 
' the two middle granules appear to unite together. a: 


Fie. 27.—Kitten, 14 days old. A young Purkinje-cell which has not yet 
developed a dendritic system. . A multitude of fibrils appear to enter the body 
of the cell. 


Fig. 28.—Hedgehog, between 2 and 3 week$ old. A young Purkinje-cell, 
the dendritic system of which has begun to develop. The body of the cell has 
fewer fibrils connected -with it than in fig. 27. ; 


Fig. 29.—Puppy, 6 days old. The dendritic system is more developed ` 
than in fig. 28. The body of the cell is almost free from fibrils. A somewhat 
more advanced Purkinje-cell, The thorns in the last two specimens are 
much larger and coarser than they are in the adult, 


A CASE OF VIVID AFTER-IMAGES EXPLAINED 
ON HERING’S THEORY. 


BY DAVID FRASER HARRIS, M.D., B.SC.(LOND). 
Lecturer on Physiology im the University of St. Andrews. 


THE phenomena recorded and analysed below were ex- 
perienced by myself when I was occupied in estimating 
the principal focal lengths of one or two convex lenses. 

While focussing the sun’s rays at noon upon a sheet of 
white paper, and without at the moment thinking of the 
probable effect on the retina, I stared. at the dazzlingly 
white spot for some time, until roused by noticing that 
the paper was on the point of being set on fire. 

On turning my eyes towards the least well-lighted corner 
of the ewhite-walled room, I noticed a most pronounced 
black after-image, which persisted for about thirty seconds. 
Had this merely faded away and given place to normal 
colour-vision, there would have been nothing more to be 
experienced than the familiar sensation of being “blinded ” 
as after gazing at the sun itself; but the black patch was 
followed by two coloured images of such brilliance 
and, pro tem. apparently so persistent, that a record of 
them may be pardoned. 

The first was a beautiful rose-pink: patch, referable to 
the part of the retina concerned in direct vision; it lasted 
about three minutes; it was replaced by a brilliant canary- 
yellow patch of rather larger size, persisting for about twice 
as long. Before this last had faded I had to leave the 
building, and so experienced the very unusual sensation of 
seeing, almost as through a piece of yellow glass, all objects 
projected on the central portion of the retina ;‘while at the 
same time their colours seemed less changed than if yellow 
glass had really been used. 

It seems to me that Hering’s theory of colour-vision 
accounts for the colours of these after-images, and for their 
order of succession. 

The theory virtually.involves the none (for light of 
ordinary intensities) :— 


t 
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-.. (1) That white light katabolises the white-black sub- 
stance, and the vision of a black object (or darkness) 
anabolises it; but further, that each coloured ray; %.e., of 
homogeneous light, katabolises -he W.-B. Sb., so that 
whatever other (chromatic) effects it may have, each 
coloured light gives rise to a certain amount of the 
sensation of white—to a very different degree. for the 
various rays, yellow doing so most of all—hence, as 
Foster? remarks, “a fully saturated colour ni 
according to this view does not exist.” 


(2) That katabolism of the red-green substance? gives . 


rise to a ‘sensation of red, anabolism of it, of green; that 
if there is metabolic equilibrium (as under the influence 


of spectral yellow) there is neither red’ nor green ‚since 


‘opposite tendencies are neutralised, but that if any kata- 


bolism predominates over any co-existing anabolism, the 
sensation will tend towards “ orange”; if anabolism pre- 
dominates, the sensation will tend towards a greenish hue. 

(8) Similarly for the yellow-blce substance ;* katabolism 
alone gives yellow, anabolism bluz, a predominance of the 
one a yellowish, of the other a bluish hue; while spectral 
green leaves it in metabolic equilibrium. \ 

Thus the various homogeneous constituents of, hetero- 
geneous (white) light are supposed to simultaneously affect 
the several hypothetical visual substances in such a fashion 
that the tendencies to katabolism. are just balanced by 
those to anabolism, and hence no chromatic sensations 
result—at least not with diffuse light of ordinary intensity ; 
but it must be somewhat different with sunlight of such 
unusual brilliance as to-temporarily “blind” the retina 
(produce the black negative after-image). 

‘With such light there are, in fact, present the conditions 


_ to ensure, on the whole, a marked excess of katabolism over 


x 


anabolism, and seeing that in noonday sunlight there is a 
relative predominance of such ravs as are associated with 
maximal luminosity, viz., the orange-yellow, the first effect 
in consciousness would be a sensation of white so intense 
as to render for a time any concomitant chromatic sensations 
unperceived. : 
Violent katabolism has been set up in the R.-G. and 
Y.-B. substances, and will make itself felt in consciousness 
as soon as the negative after-image of black (resulting from 
the rapid reconstitution of the W.-B. Sb. on the cessation of 

the very violent stimulation) has passed away. ~ : 

! W.-B. Sb. 2« Text-book of Physiolezy,” part iv., 6th ed., p. 1349, 
"  §R-G. Sb. , 4 Y.-B. Sb, . 


vA 
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The first effect is. that of a rose-pink patch from the 
katabolism of the R.-G. Sb. by the orange rays, virtually a ° 
positive after-effect due to retino-cerebral functional inertia. 
It is pink and not a pure or saturated red because, ex- 
hypothesi, there is always some concomitant katabolism of 
the W.-B. Sb. along with any effect due to coloured rays. 
As soon, however, as the metabolic equilibrium of the 
R.-G. Sb. has been re-established, a yellow patch is per- 
ceived due to the predominance of katabolism- over aia- 
bolism in the Y.-B. Sb. We have experimental evidence! 
that, as studied under appropriate eonditions, the sensation 
of red is elicited in a shorter time than that of green, and 
still more so than that af violet; in other words, ` yellow 
‘takes a longar time to be developed than red. 

Thus, as the red sensation passes off, the yellow is reach- 
ing its maximum,’ the katabolic phase in the Y.-B. Sb. long 
out-living the period of action of the stimulus which pro- 
duced the disturbance. The yellow is now the only chro- 
matic sensation not neutralised, and it is perceived in its 
fulness until, on the metabolic equilibrium being re-estab- 
lished, it, too, fades away, and the retina recovers from its 
state of over-stimulation. i 





Mebieh. 


Neurypnology, or the Rationale of Nervous Sleep, considered 
in Relation to Animal Magnetism or Mesmerism and 
Illustrated by Numerous Cases of its Successful Applica- 
tion in the Relief and Cure of Disease. By JAMES 
Brain, M.R.C.S., C.M.W.S., &c. A new edition, edited 
with an introduction, biographical and bibliographical, 
embodying the author’s later views and further evidence 
on the subject, by ARTHUR EDWARD WAITE. London, 
George Redway. 1899. . 


Tae above work comprises (1) a biographical introduction, 
which gives a short account of Braid’s life and a more extended 
one of his writings; (2) a reproduction of the original edition of 
“ Neurypnology,” which forms the greater part of the volume; 
(3) an appendix of editorial notes chiefly drawn from Braid’s 
later works; and (4) a bibliography of Braid’s writings. 

According to Mr. Waite, little is known about Braid in this 
country, and there is no trustworthy bibliography of his writings. 


’ Stewart, P.R. S.E., 1888, p. 441. : : 
?It has a slightly greater degree of functional inertia, 
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His later works, rare and almost unknown, have been traced with 
difficulty. Mr. Waite, however, claims to have been successful 
in his researches, and presents, as their result, a work on Braid 
which he asserts to be substantially complete. 

Mr. Waite has undoubtedly rendered a service to hypnotic 
literature, but he has not made the most of the material collected, 
and his work is neither as complete nor as accurate as he believes 
it to be. The following are a few, amongst many, objections 
which might be urged against it: Thus, we are told that the 
discovery of hypnotism alone lifted Braid out of the groove of the 
ordinary practitioner. This is incorrect. Before jhe discovered 
hypnotism Braid had operated on 262 cases of talipes, 700 cases 
of strabismus, and twenty-three cases of spinal curvature, and 
his reputation as a surgeon attracted patients from all parts of 
the country. . 

Although “ Neurypnology ” is historically interesting, it must 
not be forgotten that it was written almost immediately after 
Braid commenced hypnotic work, and that later his views 
underwent a complete change. The French translation of 
“Neurypnology” is more valuable than Mr. Waite’s, as in an 
appendix of thirty-six pages it gives a full translation of Braid s 
last manuscript, containing a summary of his more matured 
theories. This is barely referred to by Mr. Waite. 

Some passages show a somewhat unusual want of care in 
compilation. Thus (pages 317-319), a case of torticolljs cured 
by suggestion is recorded at length, and we are told that a year 
later there had been no relapse. The case is repeated (pages 343, 


344) along with the fresh statement that ‘‘ whether the cure was - 


permanent does not appear from the narrative.” 

The bibliography, to which Mr. Waite attaches great import- 
ance, only imperfectly reproduces those I myself published at 
earlier dates (Brain, part lxxiii., Spring, 1896; Proceedings of 
the Society for Psychical Research, part xxx., June, 1896; Revue 
de V Hypnotisme, June, 1898). In seven of the works referred to 
by Mr. Waite the title is wrong or incomplete; in twenty-one, 
-quoted from medical journals, neither volume nor page is given. 
The only new material is two unimportant letters in reply to one 
from “James Simpson, Esq., advocate,” erroneously described 
by Mr. Waite as “James Singer,” while in my bibliographies are 
to be found nine of Braid’s writings which are omitted from Mr. 
Waite’s. Further, some of Braid’s works, of which Mr. Waite 
has been unable to trace a single copy, have long been in my 
possession. ` 

According to Mr. Waite, Braid’s connection with the debated 
subject of phrenology terminated with the phreno-hypnotic experi- 
ments recorded in “ Neurypnology.” The subject, we are told, 
remains where he left it, while Dr. Foveau,de Courmelle’s verdict, 
viz., that the phenomena are as likely to be the result of real 
action as of unconscious suggestion, is accepted by the unpre- 
judiced. Mr. Waite is ignorant of, or ignores, Braid’s later 
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experiments. From these Braid concluded that all phrenological 
phenomena were the result of direct or indirect suggestion, and 
arose either from a previous knowledge of phrenology or from a 
system of training during hypnosis. They manifested themselves 
when points were touched, which audible suggestion had taught 
the subjects to associate with particular ideas. Further, pres- 
sure upon the head was not necessary, and the associations could 
be established in the same artificial way between the phenomena 
and other parts of the body. Finally, the excitation of the 
muscles of expression was capable of arousing corresponding 
ideas in the sybject’s mind. 

It is certainly surprising co be told at the present day that 
the phenomena of phrenology are as likely as not to be genuine. 

Mr. Waite's account of Braid’s views on mesmerism or animal 
magnetism demand serious notice. - Formerly, according to him, 
it was generally but erroneously believed that Braid opposed 
animal magnetism. Thanks. however, ġo French writers this 
error has been rectified. Braid was the champion and witness of 
animal magnetism, and placed the central fact of mesmerism 
beyond all further dispute. In opposition to this it is to be 
noted, and the point cannot be too strongly insisted upon, that 
the primary and cardinal fact on which Braid founded all his 
theories of hypnotism was tne purely subjective origin of its 
phenomena. Everything depended on the physical and mental 
condition, of the patient; not on the volition or passes of the 
operator which threw out magnetism, or called into action some 
occult fluid or medium. Braid never swerved from this view. 
Later, he repeated it more emphatically, and demonstrated experi- 
mentally that all the phenomena attributed to magnets, metals, 
drugs in sealed tubes, &c., couid be equally well produced by direct 
or indirect suggestion when ihe supposed exciting agents were 
absent. Thus, a wooden magnet acted like a real one when 
the subject was deceived as to its nature, whereas a genuine one 
produced nothing if the subject did not know it was there. 

According to Waite, “the metalo-therapeutic theory, first 
discovered by Burg and developed by Charcot, inaugurated a new 
era of hypnotism, and led to that long series of researches con- 
nected with the Salpétridre School of Paris, which have done so 
much to obscure, if not, indeed, to tarnish, the rival lustre of the 
Nancy School of Liébault.” 

This view of metallo-therapeutics is many years too late. The 
opinions of Burg, which were shared by Elliotson and the mes- 
merists of his day, were successfully combated by Braid. Charcot 
simply revived an ancient fallacy, which the Nancy School, fol- 
lowing in Braid’s footsteps, again overthrew. As far back as 
the International Congress o° Psychology of 1892, the Charcot 
theories had practically ceased to excite scientific interest. 

The assertions of the mesınerists as to the clairvoyant powers 
of their subjects were described by Braid as opposed to all that 
was known of physical science. The following, he said, were 
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frequent sources of error in clairvoyant experiments :—(1) The 
hyperesthesia of the organs of special sense, which enabled im- 
pressions to be perceived through the ordinary media that would 
pass unrecognised in the waking condition. (2) The docility and 
sympathy of the subjects, which tended to make them imitate the 
action of others. (3) The extraordinary revival of memory by 
which they could recall things long forgotten in the waking state. 
(4) The remarkable effect of contact in arousing memory. (5) 
The condition of double consciousness or double personality. (6) 
The vivid state of the imagination, which instantly invested every 
suggested idea, or remembrance of past impressions, with the 
attributes of present realities. (7) The tendency of the human 
mind, in those with a great love of the marvellous, to erroneously 
interpret the subject’s replies in accordance with their own 
desires. (8) Deductions rapidly drawn by the subject from un- 
intentional suggestions given by the operator. 

According to Braid, the belief in thought-transference was also 
the result of careless experiment, and he had never met with a 
subject who could divine his thoughts when their transmission 
by the recognised media had been rigorously excluded. 

Braid did not believe that mesmerie subjects possessed intui- 
tive powers. Doubtlessly some of them successfully predicted 
their own hysterical attacks, but the prophecy simply produced 
its own fulfilment through self-suggestion. 

According to Mr. Waite, “it has been rightly obsewed that 
Braid, the discoverer, so to speak, of suggestion, by no means 
realised the possibilities of suggestion of the unconscious kind.” 
Bernheim, and other writers unacquainted with Braid’s later 
works, had previously made similar statements. It is difficult, 
however, to understand how Mr. Waite could commit a similar 
error. Braid repeatedly, clearly, and emphatically pointed out 
that unconscious suggestion accounted for all the phenomena 
which the mesmerists attributed to magnets, metals, and oceult 
fluids. Sometimes, he said, the suggestions were given in their 
most obvious form by the operator verbally predicting in the sub- 


ject’s hearing the nature of the phenomena which ought to appear; a 


At others they were given less directly by passes, manipulations, 
excitation of the muscles of expression, &c. ; but these owed their 
power, not to their physical influence, but to the ideas they 
excited in the subject’s mind. When all forms of suggestion 


were rigorously excluded, the mesmeric phenomena did not, 


appear. This, Braid asserted, proved the influence was a mental 
one; were it electric, suggestions were as unnecessary in the 
case of the subject as in that of a galvanic battery. 

Apparently Mr. Waite believes in animal magnetism, metallo- 
therapeutics, phrenology, and clairvoyance. All these things 
Braid successfully combated, and to attribute to him any belief 
in their existence shows an absolute failure to grasp the spirit and 
significance of his teaching. 


: J. MILNE BRAMWELL. 
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REPORT OF COUNCIL. 


2 FEBRUARY 8, 1900. 


The Council has much pleasure in reporting tho continued success and 
prosperity of the Society. The members now number 216. 


The Inaugural Address was delivered at the Annual General Moeting on 
February 2nd, 1899, by Dr. W H. GASKELL. F.R.S., on “The Meaning of 
‘the Crafial Nerves.” 


Sir SauveL Wiuxs, Bart, F.R.S., the second President of the Society, j 
has beon elected an Honorary Member. 


During the summer the Society met out of Loudon for the second time 
since its constitution, and as on the former occasion, the Meeting was 
held in the Physiological Department at Cambridge, where Dr. RIVERS 
and Mr. Myers made communications on the ‘ Psychology of the Natives 
of Borneo and Torres Strait.” 


In response to an invitaticn from the Secretaries of the Section of 
Neurology at the Thirteenth international Congress of Medicine, to be 
held in Paris, in 1900, Dr, Davin Ferger, F.R.S., and Dr. C. §. 
SHERRINGTON, F.R.S., have been nominated to represent the Society at 
that Congress. 


As bas now become the custom, the Proceedings of the Society have 
been published at some length in “Brain,” and an abstract appended to 
this Report shows the value end character of the work that has been 
done during the year. 


a 


Proceedings of the Society during the year 189, 


February 2nd, Dr. W. H. GASKELL, F.R.S, Inaugtral Address, ‘The 
Meaning of the Cranial Nerves.” i > 


March 2nd, Dr. STANSFÆLD, “ Epileptic Insanity associated with Mas- 
toid Disease; operation; improvement of mental symptoms.” Dr. F. E. 
Barren, “Unusual Form of Muscular Atrophy in a Boy.” Dr. Carey, 
“ Case with Symptoms of Syringo-myelia with Sudden Increase followed by 
Sudden Diminution in Intensity.” Dr. Witrrep Harris, “ Hemorrhage 
into the Cord. Dr. J. H. Bryan, “ Tremors of Hand like those of Paralysis 
Agitans, following Typhoid Fever.” Dr. Toora, “ Peroneal Type of Muscular 
Atrophy.” f 


May 11th, in the Physiological Laboratory at St. Mary’s Hospital, Dr. 
Warrer, F.R.S., Demonstration of the Action ‘of. Veratrine, Betaine, 
Neurine, Choline, Muscarine, Snake Venom, ari Tetanus Toxin on Isolated 
Nerve. Professor E. A. ScHÄrER, F.R.S., Microscopic Sections illustrat- 
ing (1) Termination of the Fibres of the Pyramidal Tracts of tke Cord; 
(2) Origin of the Fibres of the Dorsal and Ventral Cerebellar Tracts of the 


` Cord. 


June 17th, at the Physiological Laboratory, Cambridge, Dr. W. H. R. 


Rivers and Mr. Camagres S. Myers, “Soms Psychological Observations. 


on the Natives of Torres Straits and Borneo.” 


October 26th, Dr. J. A. Courrs and Dr A. M. Gossaaz, “ Unusual 
Case of Paralysis of Acute Onset.” Dr. James ÜoLLIER, “A Case with 
Acute Onset resembling Friedreich’s Disease.’ Dr. James COLLIER, “Case 
of Myopathy of Landouzy-Dejerine Type.” Dr. Witrrep Harris, “Case 
of Myopathy of Landouzy-Dejerine Type.” Dr. C. E. Bervon, “A Case 
of Cerebral Degeneration (Diplegia).” 


December 7th, Dr. F. E. Barren and Dr J. S. COLLIER, “ Spinal Cord 
Changes in Cases of Cerebral Tumour.” ` 


December 2lst (Adjourned Meeting), Nr. Vıcror HorsreEY, F.R.S., 
“ Brown-Séguard Fits in a Cat.” Dr. Wırraco Hargis, “ An Experimental 
Investigation on the Decussation of the Optic Nerves in various Animals, 
and on the Path of the Reflex for the Contraction of the Pupil to Light.” 
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RULES. 


F 1.—The Society shall be called the NEUROLOGICAL SOCIETY or LONDON. ` 


` 9 5 3 
2.—The objects of the Soc-ety shall be to promote the advance of Neuro- 
logy and to facilitate intercoarse amongst those who cultivate it, whether 
from a Psychological, Physio-ogical, Anatomical,’ or Eee point of 
view. 5 


3.—The Society shall éonsst of Ordinary, Corresponding, and Honorary 
Members. 


‘ 


4.—Any one engaged in researches bearing © on Neurology, or manifesting 
“interest in, such researches, shell be eles for the Ordinary, Membership. 


5.—Men of distinction in Science, who have contributed to the advance: 
` ment of Neurology, shall be ee for ae Honorary, or for the Corres- 
ponding Membership. 


6.—The number of Honorary Members shall be limited. to six, and that of 
Corresponding Members to twe-ve. 


e ` 
7.— Honorary and Correspozding Members shall have the right of. attend- . 
ing the Meetings of the Society and of taking part in them. 


8.—Honorary and Oorrespo_ding Members shall be elected by the en 
ou the recommendation of the Jouncil, 


9.—Candidates for Ordinar- Membership, shall be recommended by at 
‚least three Members of the Society, who shell append their names to a 
printed form supplied by the Scvretaries to any person seeking Membership. 


10.—The Council shall nominate candidates for election into the Society 
as Ordinary Members from among persons so recommended. 


10 


11. The names of Candidates nominated by the Council shall be sub- 
mitted to the next Meeting of the Society, and saall be balloted for at the 
next subsequent meeting, one black ball in ten excluding. 


2 


12, — The Annual Subscription of an Ordinary Member shall be One 
Pound, due in advance. 


+ 18,—-[he Treasurer shall send to each Member, shortly before the Annual 
General Meeting, a notice reminding him that his Subscriptionebecomes due 
on that day. 


14.—Non-payment of the Subscription within twelve monghs after it is 
due, shall be considered as equivalent to resignation, 


15.-The Council shall consist of a President, two Vice-Presidents, two 
Seoretaries, one Treasurer, and ten Councillors. r 


16.—Five Members of the Council shall form a quorum. 


‘17.—The office of President shall be tenable fœ one year, and be entered 
upon at the beginning of each year by the Senior Vice-President. . 


18.— The office of Vice-President shall be tenakle for two years; one Vice- 
President being elected every year. 


19.—The Secretaries and Treasurer shall be elected annually with eligi- 
bility for re-election. 


20.—The Councillors shall be elected for one year, and not, more thai 
eight shall be eligible for re-eleotion to the same office during the following 
year, 


21.--One full. week before the Annual General Meeting, the Secretaries 
shall send to each Member a balloting paper ecmtaining the names of the 
Officers and Councillors whom the Council nominate for the ensuing year. 


. ` 22, — The Society shall elect the Council by ballot, each Member, however, 
being at liberty to substitute other names for any of those upon the list. 


93,—There shall.be six Ordinary Meetings ahnually, of which the first 
held in each year shall be the Annual General Meeting. 


11 


24.—Notices of each meeting, and of the subjects to be considered, shall 
be sent by the Secretaries to each Member of the Society at least one week 
before the meeting. i 


’ 


25.—Special Meetings shall be held at the option of the Gonnöil, or at 
the request, in weiting, of twenty Members. , ' 


26. —The President shall have the power of inviting any person to attend 
and to take parten the scientific work of the meeting. 


27.—I£ at any time the Council shall be of opinion that the interests 
of the Society gequire. the expulsion of a Member, they shall submit the 
question to a special General Meeting, at which, if more than one-half of 
the Members of the Society vote, by ballot as usual, for the expulsion óf 
the Member, his subscription for the current year shall be returned to him, 
and he shall thereupon cease ta be a Member of the Society. 


28.—The Council shall draw up and submit for the approval of the 
Society, supplementary rules regulating the dates, places, and character of 
the meetings; shall propose special subjects for investigation by the Society, 
and shall nominate sub-committees for the methodical carrying out of such 
investigafions. They shall decide, from time to time, on the form of publica- 
tion which its proceedings are to assume. 


99.—No’alteration shall be made'in'the present rules, excepting at the 
Annual Meeting, or at a Special Meeting convened for the purpose, and unless 
it be proposed by the Council, or in writing by at least twenty Members, 
the usual notice be given of the proposed change to every Member before 
the meeting at. which it is to be brought forward. 








Each Member receives quarterly, from the beginning of the year in which 
he is elected, a copy of“ BRAIN; a Journal of Neurology,” the organ of the 
Society, and edited for it by A. de Watteville, M.A., M.D., B.Sc. 
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: HONORARY MEMBERS. 


Mr. 


HERBERT SPENCER, London. 


"Professor Wunpr, Leipzig. 


5 Bırzıc, Halle. 


Sir Sauven Wıcks, Bart., London. 


CORRESPONDING MEMBERS. 





Professor Erp, Heidelberg. . 


” 


Gore, Pavia. 
Gotrz, Strasburg. 
Grasset, Montpellier. ` 
JOLLY, Berlin. 
Lucrantr, Rome. 
Mong, Berlin. 
“ ÖBERSTEINER, Vienna. 
Rerzıus, GUSTAF, Ssockholm. 
Rıeor, Paris. 


Dr. WER Mirowent, Philadelphia, 


LIST OF PRESIDENTS FROM THE 
FOUNDATION OF THE SOCIETY. 


1886 J. Hucurines JÄckson, M.D., F.R.S. 

1887 Sir Sauvet Wırxs, Bart., M.D., F.R.S. 

1888 Sir James Cricutox-Browne, M.D., F.R.S. 

1889 JONATHAN HUTCHINSON, F:R.S. 2 
1890 Tuomas Buzzarp, M.D. : l 
1891 Jomw S. Bristown, M.D., F.R.S. 

1892 H. CmárLron Bastian, M.D., P.R.S. 

1893 EpwarD A. ScHärEr, F.R.S. 

1894 Davin FERRIER, M.D., E.R.S. 

1895 Sir WırLıam H. BROADBENT, Bart., M.D., F.R.S. 
1896 AnExanper Hir M.A., M.D. = 
1897 GEorez H., Savacz, M.D. 

1898 Victor Horsrey, M.B., F.R.C.S., F.R.S. 

1899 W. H. Gasket, M.D., F.R.S. 

1900 Aucustus WALLER, M.D., F.R.S. 


Call 


LIST OF HUGHLINGS JACKSIN LECTURERS. 
"1807 J. Huasıınas Jackson, MD., F.R.S. 
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KR ‚Members are. requested to communicate with the Secretaries when 


Elected 


1899 
1892 


1897 - 


1894 


1891 


aM. 


1897 


O.M. 


1897 


OM. 


„Bowrey, Antuony A., F.R.C.S., 24, Manchester Square, W. 


cor rections are necessary. 
t 


— 0 


EXPLANATION OF ABBREVIATIONS. 


Y.M. Original Member... Tr., Treasurer, 
Pres., President, Sec., Secretary. 
oe P; Vice-President. G., Member of Council. 
HJ.L., Hughlings Jackson Lecturer. 


ORDINARY MEMBERS. 


ABRAHAMS, BERTRAM, M.B., M.R.C.P., ‘14, Welbeck Street, wW. 
ALEXANDER, Ropent RerD, M.D., The Asylum, Hanwell, W. 
ANDERSON, H. Kerr, M.B., B.Sc., 9, Park Terrace, Cambridge. 
ÅNDRIEZEN, W..LLOYD, M.D., T, Apsley Terrace, Acton, W.. 


BALLARNGE, C. A., M.S., FER.C.S,, 106, Harley Street, W. (C., 1897-1900.) 
Barrow, Tuomas, M.D., F.R.C.P., 10, Wimpole Street, W. 


Barratt, J. O. Waratas, M.D., F.R.C.S., Pathological Laboratory, 
West Riding Asylum, Wakefield. 


Bastian, H. CHARLTON, M.D., F.R.C.P., F.R. S., 8a, Manchester 
Square, W. (Pres., 1892 ; V.P., 1891? C., 1886- 89, 1898-95.) 


Barren, FREDERICK E., M.D., M.R.C.P., 124, Harley ‘Street, W. 
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Birr, Enwusr, M.D., L.R.O.P., M.R.C.S., West Riding Asylum, Wake- 
field. Š ' 


| Boron, Josera Suaw, MD., B.S B.Sc., Claybury Hall, Woodford, 


Essex. ' ` 
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O.M. Buzzard, Tuomas, M.D., F.R.C.P., 74, Grosvenor Street, We (Pres 
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1892 Core, ROBERT HENRY, M. D., M.R.C.P. “ SI.R.0,S., 53, Upper Berkeley 
Street, Portman Square. 


1890 Coraran, W. S., M.D., F.R.C.P., 22, Wiscpole Street, W. (Sec., 1899- 
1900.) i ' 
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. Road, Cape Town, South Africa. 
Hasterz, Joan Hanrrenp, M.R.C.S., L.R. 0. P., Halliford House, ` 
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Cardiff. 
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» Purves, W. LaıpLaw, M.D., 20, Stratford Place, W.. 
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OM. SHARREY, S. J., M.D., F.R.C.P:, 22, Harley Street, W. (C., 1889-92.) 
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TAYLOR F. R. P., M.D., B.S., Darenth Asylums and Schools, Dart- 
ford, Kent. 


TAYLOR, James, M.D., F.L.C. P., 49, Welbeck Street, W. (C. 1900.) 
THouson, H. CAMPBELL, M.D., M.R.O,P., 34, Queen Anne Street, W. 
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